OT 103 


il 
The VERY BEST DIY projects? nent | 


[l NEW SHEREG) PREAMP 
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tr 101e, CO bie WN 
Touch Screen eam 
Multi-Diode fim 


Curve Plotter 
ARDUINO Test & check zeners — LEDs - 


power — signal — ALL diodes! 


We’ve found just the module to do it — 
and we show you how to use it! 


FIRST LOOK: NEW ie YP: 
MIR VIDOR 4000 i 
FPEA BOARD £ 


2m2) “na 


* Australia Only 


=s Jaycar 


© On sale 24 February 
to 23 March, 2019 


Our very own specialists are developing fun and 


| challenging Arduino® - compatible projects for you 
_ to build every month, with special prices exclusive to 
Nerd Perks Club Members. 


PROJECT OF THE MONTH: 
Camping power meter 


Use this handy tool to quickly determine the amount of power each 
device in your camping setup is using. Great for calculating the 

type of solar panel you will need to keep the car or caravan battery 
charged over the Easter long weekend. 


SKILL LEVEL: Beginner 
TOOLS: Soldering iron, side cutters, 
hot glue gun 


See step-by-step instructions at 
www.jaycar.com.au/camping-power-meter 


1 x Wi-Fi Mini ESP8266 Main Board XC3802 $24.95 
1 x Heavy Duty Current Shunt 5A QP5410 $12.95 
1 x 150mm Socket to Socket Jumper Leads WC6026 $5.95 
1 x 3-6.5mm Waterproof Cable Glands HP0720 $4.95 


1 x Cigarette Lighter Plug - Fused PP2001 $3.95 rt NERD PERKS 
1 x Cigarette Lighter Inline Socket PS2003 $3.95 ~ BUNDLE DEAL 
1 x Jiffy Box - 130 x 68 x 44mm HB6013 $3.95 

1 x 7.5A Twin Core Power Cable WH3057 $1.40 $ 95 
2 x 3.3V 1N4728 1W Zener Diode ZR1398 65¢ 


1 x 100Q 1W Carbon Film Resistors Pk 2 RR2550 48¢ 


SAVE 35% 


KIT VALUED AT $63.83 


See other projects at www.jaycar.com.au/arduino 


ONLY == 
$299 
OLED display module MicroSD card shield Digital temperature Real time clock module 
For live display. Monochrome graphics Add gigabytes of storage to your Wi-Fi sensor module This tiny little module will keep accurate 
with wide viewing angle and |2C Mini Main Board with this tiny shield. Provides up to 12 bits of resolution and time using an easily replaceable button 
interface. XC4384 Allows you to use cheap microSD cards 0.5° accuracy through a single digital battery. XC4450 

with the easy-to-use Arduino® SD library. 1O pin. Multiple devices can even be 

XC3852 connected to the same pin. Fully digital 


operation. XC3700 


= A Keep being rewarded! 


% ages A better club is coming. 
RDS g 


OFF* „$ oe 
Not a member? S — Check your email & contact details are correct 
ROG Ee. Visit www.jaycar.com.au/nerdperks 3 1 In-store or online now. Don’t miss out! 
BLOCK: : = 


*Terms & Conditions apply. 


To order: phone I8BOO O22 888 or visit wwwjaycar.com.au 


FcofUuGgesie Reviews 
16 Medical, Health and First Aid Smartphone Apps -— Part 2 


There are so many smartphone apps out there to get you healthy, keep you fit 
and treat any maladies that you'd have to wonder what your doctor is going to 
do in the future! (OK, slight exaggeration perhaps!) — by Dr David Maddison 


71 Review: First Look at the Arduino MKR Vidor 4000 


It’s the latest board from Arduino, with 48MHz 32-bit processor, onboard FPGA, 
WiFi and Bluetooth. So Tim Blythman put it through its paces. His verdict? “It 
looks like a very capable device”, despite just a few (minor) quibbles. 


84 El Cheapo Modules 23: Galvanic Skin Response 


If you’ve ever wanted to make a lie detector, with this little module you’re more 
than half way there. But it has a whole lot of serious uses, too — by Jim Rowe 


Eons Guchiono¥Pqojcets 


28 Ultra low noise remote controlled stereo preamp 


THD+N is an almost immeasurable <0.0003% — and it has all the niceties you'd 
expect from a state-of-the-art preamplifier. And, in response to many requests 
from you, dear readers, it sports bass and treble controls! — by John Clarke 


42 Our new DAB+ Tuner with FM and AM - Part 3 


It’s attracted a huge amount of interest — and not just here in Australia! We now 
complete the world-beating SILICON CHIP DAB+/FM/AM receiver and show you 
how to get the most from it — by Duraid Madina and Tim Blythman 


62 Touch controlled all-diode checker and plotter 
Got a box of unknown zeners? This will check them AND tell you their knee 
voltage. Or maybe a whole lot of unknown LEDs? Same thing! In fact, you can 
test any type of diode and reveal its hidden secrets! — by Tim Blythman 

76 Versatile Trailing Edge Dimmer — Part 2 


If you try to use your old dimmer with dimmable LEDs and CFLs, you'll know 
it’s not too successful. We complete the construction and set up of this new 
trailing-edge dimmer — which WILL work with almost all lights — by John Clarke 


Woum -ovouUGitcC eolUmms 


57 Serviceman’s Log 
My late father — the ultimate “serviceman” — by Dave Thompson 


88 Vintage Radio 
Astor HNQ Mickey 4-% valve radio — by Fred Lever 


92 Circuit Notebook 


(1) AVR-based inductance/capacitance/frequency meter 
(2) Micromite-based colour organ 
(3) Automatic switchmode solar charger for 6V SLAs 
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100 SILICON CHIP ONLINE SHOP 


We continue our look at ee Ah 
the huge numbers of Ne I 
medical/health/first aid X 
apps now available for 
your smartphone. Part 
Two mainly looks at apps - 
which require add-on 
hardware — Page 16 


cooper 


Infrared remote control, 
motorised volume 
control, bass and treble 
controls , ultra low noise... Our 
new stereo preamp has everything 
you’ve ever wanted! — Page 28 


We’ve reached the last episode 

of our incredible DAB+/FM/AM 
receiver. Here’s where it all comes 
es sogether — including 
Laie programming 
ae and trouble 
ates shooting 
— Page 42 


Got a pile of zeners youd like to 
identify? Or LEDs? Or any other 
diodes? This new 

touchscreen 
checker/plotter 
will tell you what 
you need to 
know — Page 62 


The latest micro and FPGA board 
from Arduino, the MKR Vidor, 
4000. It could be j 
justas popular 
as its fore- 
bears — 

Page 71 


| This Galvanic Skin 
Response module only 

\ a costs just a few 
dollars so you can 

afford to experiment 
to your heart’s content — 
Page 84 
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Digital Calipers 

e Metric, inch & fraction 
e 4-way measuring 

e Includes battery 


Size SAVE Code 


150mm /6" Meds Ml $9.50 (738) 
200mm /8" EEZ Y E $15.40 (1739) 
Pin Punch Set 

e 6 piece set 


© Ø3, 4, 5, 6, 7, 8mm 
e 150mm length 


Order Code: P365 


SAVE $4.80 


GSP-795 
Pneumatic Stool 

e 675-795mm seat height 
e @360mm padded seat 
© 360° seat rotation 

e 135kg capacity 


Order Code: A359 


SAVE $22 


- CAMERON 


Staff Member 


Metric Hex Key Set 
with T-Bar Handle 
e 2, 2.5, 3, 4, 5, 6, 8, 10mm 
e Chrome vanadium steel 
e Adjustable 3 detent 
positions on T-bar handle 
¢ Free spinning 
rotating handle 


Order Code: H820 


SAVE $23.50 


NETTUNO 
Hand Cleaner Macro Cream 


eè 1 litre pump dispenser 
e Free of solvents 


e Creamy cleanser with 
fruity-floral fragrance 


e Unique detergent & 
softening properties 


Order Code: 0060 


SAVE $2.20 


TCS-3 

Mobile Tool Cabinet Seat 
406mm seat height 

3 x drawers with ball bearing slides 
420 x 235mm padded seat 

2 x magnetic side trays 

360° swivel wheels 


Order Code: A001 


SAVE $15 


X6 
Industrial Bench Grinder 


e 150mm wheels 
e Fine/coarse grit 
e 0.5hp, 240V motor 


Order Code: G158 


r 
GREAT VALUE! EXTRA 


MACHINERY 


Imperial Hex Key Set 
with T-Bar Handle 


e 5/64, 3/32, 1/8, 5/32, 3/16, 1/4, 5/16, 3/18" 
e Chrome vanadium steel 
e Adjustable 3 detent em 


e Free spinning 
rotating handle 


H821 


SAVE $23.50 


EF-5S 
Engineers File Set 


© 200mm hardened and 
tempered files 

è Second cut: Flat, 1/2 Round, 
Round, Square, Triangular 

e Includes case 


Order Code: F100 


SAVE $6.35 


PSC-3T 
Plastic Service Cart 


e 250kg total load rating 

© 3 trays (790 x 440 x 70mm) 
e Includes storage tray handle 
e Only weighs 22kg 


Order Code: T748 


SAVE $33 


X8 
Industrial Bench Grinder 


¢ 200mm wheels 
e Fine/coarse grit 
e 1hp, 240V motor 


= 


f' 
GREAT VALUE! EXTRA 


MACHINERY 


Australian Owned 


“Setting the standard for Quality & Value” 


: Torx Key Set with T-Bar Handle 


e T10, T15, T20, T25, T27, T30, T40, T45, T5 

¢ Chrome vanadium steel 

e Adjustable 3 detent positions on T-bar 
handle fa > 

e Free spinning oe? 
rotating handle 


Order Code: H822 
E a E 
SAVE $23.50 


VS-600 - Portable Video Palm 
Inspection Camera 
¢ @450mm 3 blade design 
e Swivels 140° inside frame 
+ 3 x fan speeds 

e 165W, 240V motor 


Order Code: M696 


SAVE $22 


WDV-3P - Workshop Wet & 

Dry Vacuum Cleaner 

e 1200W 240V motor 

e Portable on wheels 

e 30L stainless steel tank 

e Auto-switch power tool socket 

Include: brush, crevice tool, 
wet & dry floor nozzle 


Order Code: V504 


SAVE $22 


X8-PLUS - Bench Grinder with 
Linisher & Mitre Table 


¢ 200mm medium grade wheel 
© 915 x 50mm linisher attachme 
e 1hp, 240V 


Order Ca 
A8001 


=y 
SAVE $41.25 E7 TR 


Established 1930 


machineryhouse.com.au 


Specifications & Prices are subject to change without notification. All prices include GST and valid until 30-03-19 


1B40 - Nut & Blind Riveter Set 


30 piece kit suitable for sheet aluminium, 
teel & stainless 


luminium rivet nut inserts: 
A5, M6, M8, M10 (10ea size) 
lind aluminium rivets: 


13.2, 94.0, 94.8, 
6.4mm (20ea size) 


Nandrel spanner & 
low mould case 


rder Code: NOO1 


SAVE $23 


7819 

cro Air Die Grinder Kit 
4,000rpm 

‘cfm consumption 

40 x @15.5mm grinder body 


ncludes 10 stones, 
mm collet & 
line oiler 


rder Code: A052 


SAVE $10.50 


etric HSS Combination 
p & Drill Set 


’ piece set 

Jesigned for up to 3.2mm 
sheet metal 

ASS M2 grade n 
43, M4, M5, M6, M8, M10 
ncludes hex snap-on drive 


rder Code: T0191 


SAVE $10.55 fe 


VI-300 - 3-in-1 Pressbrake, 
lillotine & Rolls 


300 x 1mm steel capacity 
Zast iron construction 
Segmented pressbrake blade 
Niring groove rolls 


Drder Code: S648 


SAVE $56 


Manual Section Rolling Machine 
e 25 x 3mm flat bar cap. 
e @5mm round bar cap. 


e Hardened & 
knurled rolls 


e Weighs 6kg 


Order Code: S680 


SAVE $22 


RP8807/PB-C 
Air Brush Kit 


e 6 piece set 

© 0.35mm fine nozzle 

e dual trigger action „= z aera 
e Pencil line to 4 

2" spray pattern 

Suitable for 2 pack, 

enamel & acrylic 


Order Code: 5346 


SAVE $8.30 


3 Piece 
HSS Sheet Metal Step Drill Set 
e 3 piece set 

e For drilling thin material 

e HSS M2 grade 

e 4-12mm x 1mm steps 
. 

° 


6-20mm x 2mm steps 
6-30mm x 2mm steps 


Order Code: D1071 


SAVE $16.50 


BS-5V - Portable Swivel Head 


Metal Cutting Band Saw 
e Compact design, only 23kg 

© 130 x 125mm (W x H) rectangle 
e Variable speed 30-80mpm 
e Swivel head to 60° 
e 1.3hp, 240V motor 


Order Code: B004 


SAVE $78 


www.machineryhouse.com.au/signup 


SYDNEY 
(02) 9890 9111 
/2 Windsor Rd, Northmead 


BRISBANE 
(07) 3715 2200 


625 Boundary Rd, Coopers Plains 


TBRS-25 

Manual Tube Bender 

e Includes 8 formers 

e 19.05 & 25.4mm square 

e 9.52, 12.7, 14.29, 15.87, 19.05, 


22.22mm round 


Ak 


By 
Order Code: T055 $ 


SAVE $36 


FD-45 
Industrial Floor Fan 
* @450mm 3 blade design 

e Swivels 140° inside frame 
e 3 x fan speeds 

e 165W, 240V motor 


Order Code: F026 | 


LA 


SAVE $15 


BD-325 
Bench Drill 


e 16mm drill capacity 
e 2MT spindle 

e 12 spindle speeds 
e Swivel & tilt table 

e 1hp, 240V motor 


Order Code: D590 


SAVE $55 


TU-1503V 

Opti-Turn Bench Lathe - Mini 
e 150 x 300mm turning capacity 

e 11mm spindle bore 

© 80mm 3 jaw chuck 

e Electronic variable speed 


© 0.45kW, 240V ex 


MELBOURNE 
(03) 9212 4422 
4 Abbotts Rd, Dandenong 


UB-100 


Workshop Manual Bar Bender 
© Flat: 100 x 5mm 

e Square: 16 x 16mm 

+ Round: @18mm dia. 

e Includes additional bending plates 


Aye 
“se 


Order Code: B043 


SAVE $36 


HL-14LT 
14W LED Work Light 


© 300mm lamp head 
¢ Dimmer control 

e 500mm flexible Arm 
e Magnetic base 


Order Code: L2816 


SAVE $24 


PD-360 

Pedestal Drill - Belt Drive 
© 20mm drill capacity 

© 2MT spindle 

12 spindle speeds 

e Swivel & tilt table 

e 1hp, 240V motor 

e Includes light 


Order Code: D596 


SAVE $55 


BF-16V - Mini Opti-Mill Drill 
Geared & Tilting Head 

e Electronic variable speed by 
* Dovetail column yj 
Head tilts +90° 
500W 240V motor 
Travels: 

© (X) 220mm 

e (Y) 160mm 

e (Z) 210mm 


Order Code: M649 


SAVE $106 


PERTH 
(08) 9373 9999 


11 Valentine Street, Kewdale 
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Editorial Viewpoint 


We all deserve a right to repair 


In the December 2018 issue, I lambasted the Euro- 
pean Union public service for penalising Google for 
anti-competitive practices. I argued that Google did 
more to promote competition than stifle it. 

Well, this time I am going to say something nice 
about the EU. I applaud their new legislation giving 
consumers and business a “right to repair” the goods 
that they purchase. It is heartening to see that some 
people in the EU feel so strongly about this that they 
organised protests when it looked like the legislation might not be passed! 

Several US states also have similar laws, mainly in reaction to various com- 
panies abusing the 1998 DMCA copyright act in an attempt to prevent people 
from fixing their own equipment. In case you are not aware, the US/Australian 
“free trade agreement” (AUSFTA) of late 2017 had the result of making many 
of the provisions of the US DMCA into Australian law. So it affects us too. 

The reason why companies make devices hard to repair can be summed up 
in one word: money. If you can’t repair your product, you'll either have to buy 
anew one or use their expensive repair service. Either way, they make out like 
bandits. And they can do all sorts of things to prevent repairs — encrypt soft- 
ware, use parts with restricted supply, refuse to provide service manuals etc. 

But as the people promoting this new EU law have helpfully pointed out, 
this is a very wasteful practice, resulting in a lot of equipment being thrown 
away which could otherwise be repaired. And it’s also a waste of money for 
consumers. 

You only have to read this month’s Serviceman column for a good exam- 
ple. The manufacturer wanted to charge $2000 for a new part when our cor- 
respondent was able to repair it with a $70 replacement LCD screen and a bit 
of knowledge and patience. See the following (short) related article: http:// 
siliconchip.com.au/link/aanl 

My biggest concern with manufacturers making it difficult for their prod- 
ucts to be repaired is not so much the expense, but the idea that once they 
decide it’s no longer worthwhile for them to offer a repair service for a par- 
ticular product, you will have no recourse if yours breaks. 

Motor vehicles are of particular concern. If you own a classic car from the 
60s (say), you will generally not have much trouble fixing it if it breaks. You 
may have some difficulty getting new parts, but there are many companies 
which step in to supply replacement parts when the originals are no longer 
being made. So they generally are available. 

But imagine if you have a classic car from the 2010s still running in 2050 
(assuming we're still allowed to drive then!) and one of its many computers 
fails. Even if you can replace the parts which are broken, can you still get the 
required software? And what if you do manage to fix it, only to find that other 
computers in the vehicle detect the change and refuse to operate? 

I would like to see manufacturers release all proprietary information about 
electronic and mechanical devices once they no longer offer a repair service. 
That includes circuit diagrams and required firmware. This information should 
be sufficient for a qualified third party to fix any fault. After all, if they are no 
longer supporting their product, they have effectively abandoned it. 

Hopefully, we will get a “right to repair” in Australia some time soon! 

For more information on the new EU legislation, see: siliconchip.com.au/ 
link/aann 

And for general information about the movement, see: siliconchip.com. 
au/link/aano 


Nicholas Vinen 


Australia’s electronics magazine 
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submissions to “Ask SILICON CHIP”, 


Wanting to customise DAB+ radio 
interface 

About your fantastic little DAB+/ 
AM/FM Tuner project; offering pre- 
programmed, pre-assembled SMD kits 
is a great idea. But I want to be able to 
customise the enclosure and graphical 
user interface. 

By this I mean customisation of face- 
plate, switches etc; add an RCA line 
output and so on. The reason for build- 
ing a kit is getting it up and working 
in a week or two. 

Customisation is why I would build 
a kit vs buying off-the-shelf. A pre-as- 
sembled, tested SMD PCB means few- 
er failures if you do not have all the 
SMD equipment at hand. Also, a pre- 
programmed microcontroller is a plus, 

Regarding customisation of the 
graphical user interface, it would be 
good to have a set-up screen where you 
can change the colours and text fonts, 
add or remove menu features, the op- 
tion to add a rotary encoder and tuning 
knob and also the option of matte black 
or brushed aluminium faceplates with 
holes pre-cut for the screen openings. 

Maybe you should give the option 
for pre-ordering, so you know how 
many you need to stock. 

John Crowhurst, 

Mitchell Park, SA. 

Response: we have already spent near- 
lyayear on this project. Adding all the 
extra features you are asking for would 
have increased the time and cost to 
produce it substantially. 

Since most of the code is written in 
MMBasic, it is easy to customise. You 
can do pretty much anything you want 
by modifying the code and the beauty 
is, you have a fully working set of code 
to start with. 

You can also build it into any en- 
closure you want, as long as it’s large 
enough to fit the main assembly. You 
can add whatever knobs and buttons 
you want and just modify the BASIC 
code to accommodate them. We’ve 
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“Circuit Notebook” and “Serviceman”. 


provided all the essential functions 
needed for a working radio. Adding 
many extra options would be a lot of 
work and would likely confuse con- 
structors. The design is already quite 
complex! 

The radio already has RCA line out- 
puts. They can be mounted off-board if 
necessary and wired back to the PCB. 
The same comment applies to all the 
connectors. 

We aren’t providing fully populat- 
ed PCBs for two main reasons: one, 
it would be too expensive and time- 
consuming and two, it somewhat de- 
feats the purpose of building a kit if 
pretty much everything is already as- 
sembled. 

We're offering boards with most of 
the hard parts already fitted so that 
any reasonably capable electronics 
enthusiast should be able to finish it 
off without too much difficulty. 

Once you have built the Explore 
100 module and received the partially 
populated PCB, it should only take a 
few hours to finish building the radio 
as described. 

We have opened up pre-orders for 
all of the radio parts due to high de- 
mand. It doesn’t help us that much 
with the stock situation due to long 
lead times, but at least people can get 
their orders in while the articles are 
still being published. 

By the time this issue hits the 
shelves, we should have sent out most 
of the early orders. It will take some 
time to assemble all the boards for this 
popular project. 

You can see a list of all the items 
we re selling to support this project at 
the following link: siliconchip.com.au/ 


Shop/?article=11369 


App to detect atrial fibrillation 

I enjoyed reading the first part of 
your article on Medical Diagnosis & 
Monitoring via Smartphone in the 


February issue (siliconchip.com.au/ 


Australia’s electronics magazine 


Series/331). A really useful daily (free) 
app is called “Heart Rhythm”. 

It uses the LED and camera on an 
iPhone to monitor your heartbeat at 
the end of a finger. For a number of 
years, I have suffered from occasional 
AF (Atrial Fibrillation), and this app 
has detected it every time! 

Anon. 


More information on poor 
car battery charging 

J. C., of Cambridge Gardens, NSW 
mentioned problems with the Mazda 
low-voltage Q-85 battery in Ask SILI- 
CON CHIP (February 2019, pages 106 & 
108). Owners of Mazda vehicles with 
the stop/start feature should be made 
aware of the vehicle’s poor battery 
charging system. 

The charging ranges between 12.0- 
14.6V. It occasionally charges the bat- 
tery at 14.6V for a short period, then 
suddenly drops to the 12.0-13.0V 
range. 

This system actually prevents the 
battery from fully charging. It will hold 
the battery as low as 12.0V for hours at 
a time. I have had to garage my Mazda 
with a Q-85 battery as the battery volt- 
age falls to 10.1V on the restart. 

I think that J. C. will find that his 
battery was never fully charged, and 
it was at 12.1V when the car was last 
switched off. 

As the Q-85 battery costs $469.00 
(not a misprint), the external charg- 
ing as suggested by J. C. is necessary 
to prolong battery life. Now here is the 
idiotic situation: when you next start 
the engine, the system discharges the 
battery back to the 12.0-12.4V range 
in a short time. 

So the external charger should be 
connected every time the vehicle is 
parked, to ensure the battery has some 
charge next time you start it. I have 
heard that some mechanics wire in a 
permanent socket to the bodywork for 
ease of connection. 
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CABLE ASSEMBLY 
and BOX BUILD 
ASSEMBLY 


e Metal Work 


e Label and Wire 
Marker 


e CNC Engraving and 
Machining 


e Functional Test and 
Logistic Service 


High mix 
low volume 
and quick 
turnaround 


Electrical automatic 


box cut, strip and 
assembly crimp 


machines 


AT AMPEC we specialise in manufacturing of 
custom design cable assemblies as well as turnkey 
electronic and electric product assemblies. 


E sizemsooo fey UIE 


soe sales@ampec.com.au | www.ampec.com.au bites TECHNOLOGIES 


AUSTRALIAN DESIGN 
AND MANUFACTURE 


e Product design 

e Product development 

e Software development 

e Small scale manufacture 
e Equipment repair 

e Obsolescence related redesign 
e Environmental testing 

e Open-air test site 
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Some safety issues arise when the battery is as low as 
12.0V (25% capacity). The Q-85 battery is rated at 65Ah 
but at this voltage, it only stores 16Ah. In cases of acci- 
dents, breakdowns or natural disasters, the reduced capac- 
ity will limit the operating time of flashers, lights, auxil- 
iary equipment etc. 

If a charging fault occurs, you would only have one- 
quarter of the time to travel for safety or repair. Forget 
about helping with a jump start. 

When I travel outside of the city, I am forced to carry a 
spare fully-charged conventional battery as a backup be- 
cause of this crazy situation. 

H. Wrangell, 

Elimbah, Qld. 


Joseph Lucas is a modern hero 

Dear Editor, I wish to complain about your Service- 
man’s and your own derogatory remarks in the February 
issue about that hero of modern automotive electronics, 
Joseph Lucas. Joseph, aka “The Prince of Darkness” died 
in 1902, but his company, like his lights, flickered on for 
nearly a hundred years. 

It is a pleasure to drive my old Mini with only three 
needs; fuel, air and sparks. Mr Lucas is often blamed for 
the lack of the spark, but it is not always his fault. 

Some modern turbo cars have water cooling sprays for 
the intercooler. Lucas and BMC were way ahead of their 
time designed a water-cooled distributor and electrical 
system. And since it used rainwater, you never had to 
fill a tank! 
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Rainwater is actually a poor conductor and only causes 
problems when it lands on dusty/dirty electrics that have 
not been adequately maintained. Most Minis and Morrises 
ended up as the family’s unloved second or third car that 
lived outside and consequently saw more WD-40 on the 
inside than wax on the outside. 

High-end sports cars these days often have their battery 
in the boot to help with front/rear weight distribution; your 
Serviceman did not realise that this brilliant idea origi- 
nated with the Mini. The first Minis came with a “starter 
button” (to save money); guess what many new cars have! 

I recently had to replace the “Control Box” of my car; 
a 1950s masterpiece of electromagnet coils and contact 
switches, that controls the field coil power in the generator. 

It produces a PWM signal to control the output volt- 
age and current to the battery while allowing for different 
air temperature, engine speed, current drain and battery 
charge; all without a single transistor or IC. 

The replacement part is still in production in India 
where many thousands of British cars are still running 
around, like the last monotremes on a remote island in 
the South Pacific. 

Your Serviceman has an issue with spinning metal fans; 
BMC Australia swapped the metal fan blades for plastic in 
their cars to protect your fingertips, so that you shredded 
your knuckles on the fins of the radiator instead. 

No one in their right mind would want to daily drive a 
car made more than 20 years ago, given the safety and reli- 
ability advances made since then. But they do look cute and 
help to bring back a million memories, both good and bad. 

Dave Dobeson, 

Berowra Heights, NSW. 

Editor’s note: I have enough ‘experience’ with Kettering ig- 
nition systems and analog computers in cars that I never 
want to see one again. 

Anyway, I was quite effusive in my praise of Lucas’ in- 
novation in my comments. I understand that the company 
still holds the patent on the short circuit. 

Lucas was also a mover and shaker. He petitioned par- 
liament in the UK to repeal Ohm’s law, but unfortunately, 
the bill failed to pass because it met too much resistance. 

On a more serious note, there are certainly advantag- 
es to having the battery in the boot which includes more 
room in the engine bay (to fit more engine) and heat from 
the engine doesn’t cook the battery. 


Microstepping reduces torque and positioning accuracy 

I found your stepper motor articles in the January & 
February issues quite interesting (siliconchip.com.au/ 
Article/11370). They both mention microstepping but 
neither fully explain the advantages and disadvantages 
of microstepping compared to full stepping. 

The main advantages of microstepping are less noise and 
vibration from the motor and a reduced chance of reso- 
nance problems where at a specific frequency, the poles 
will oscillate about each other and the motor stops rotat- 
ing. The main disadvantages are a dramatic drop off in 
torque and a reduction in positioning accuracy. 

In fact, to get the best positioning accuracy, steppers 
should be indexed in moves of four whole steps. This is 
because the manufacture of the poles of the stator and ro- 
tor is not perfect. 

This information comes from a white paper published 
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by stepper motor manufacturer Mi- 
cromo at the following link (the PDF 
download link is at the bottom of the 
page): siliconchip.com.au/link/aang 

The stepper motors that Micromo 
sell are tiny. I never realised that such 
small motors were available. 

George Ramsay, 

Holland Park, Qld. 


Star tracking with one rotation per 
sidereal day 

I read Graham Jackman’s Circuit 
Notebook contribution in the January 
issue on modifying the star tracking 
mechanism in a Celestron telescope 
(pages 94-96). 

I don’t know if he was simplifying 
things for us, but the Earth rotates rel- 
ative to the stars in about 4 minutes 
less than 24 hours, so to fix the stars 
in its view, the Celestron base would 
have to complete one full rotation in 
that period. 

Based on the figures he has given, 
to achieve that would require a step- 
per motor drive pulse rate of 8.5353Hz 
(~32,768Hz + 3839). Eliminating diode 
D5 gives 3840 which is probably close 
enough. But maybe the Celestron gear- 
ing was designed to take a final drive 
of 15RPH to give one revolution in one 
sidereal day, not one solar day. 

Alan Cashin, 

Islington, NSW. 

Response: Graham’s text noted that 
the motor he replaced claimed to ro- 
tate 15 times per hour, so his replace- 
ment circuitry was designed to drive 
it at that same rate. 

We assume that the telescope gear- 
ing compensates for the sidereal day 
by careful selection of the number of 
teeth in the gears. We asked Graham 
for comment and this is his response: 

It’s difficult to be sure as the differ- 
ence is only 0.3% and while it might be 
necessary for long photographic expo- 
sures, I have never made one that long. 

In any case, unless you have the 
polar alignment perfect, there will be 
some residual drift. With a rough and 
ready setup, the telescope tracks very 
well and only occasional adjustments 
are necessary. 

Tinitially assumed that it would have 
360 teeth and the frequency obtained 
would be in error by about 0.25% or 
around 3 minutes a day. This seemed 
to agree with what I found after letting 
it run for 24 hours. If finer corrections 
are needed, the diode arrangement 
could be changed. 
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For the volunteers at Scienceworks, 
this has allowed us to use the telescope 
when the goto Meades are hard to align 
because of poor viewing (clouds seem 
to follow our Discover The Night Sky 
program). 

We can let the general public use 
this one without having to monitor it 
constantly and it’s very easy to realign 
with new objects. 


Making emergency calls post-NBN 

I have just read the letter titled 
“Back to base security systems and the 
NBN” in the January 2019 issue. I used 
to work for one of the telecommuni- 
cations carriers in the provisioning, 
operations and maintenance areas. 

Recently we were notified that the 
NBN rollout in our area would be com- 
pleted by the end of February 2019. 
We currently have a copper phone line 
with ADSL for the internet. 

The letter from the NBN said that 
we would be connected to the HFC 
network. In the letter, they mentioned 
that the HFC network would not work 
during a power outage, even if you 
kept your equipment powered using 
a UPS or battery. 

The telephone exchanges I worked 
in could usually run for 4-24 hours 
from batteries, giving plenty of time 
to start the standby diesel generator. 
It had enough fuel to run the exchange 
and provide air conditioning for three 
to four days; longer if more fuel could 
be obtained. 

We took the attitude that the copper 
telephone service was a “safety of life 
service” and so needed the absolute 
best uptime. 

As my wife and I are no longer 
spring chickens, I bought a wireless 
alarm pendant. If my wife or I fall or 
need urgent help, we can press the 
button and the phone dials a list of 
numbers until someone answers. This 
phone has batteries which last 48 
hours if the mains power fails. 

When I rang the NBN about this, 
all they could say was to have a ful- 
ly charged mobile phone available in 
case the mains fails so that you can 
make a phone call. 

As most of you would know, by the 
time you get home at the end ofa day’s 
work your mobile usually needs charg- 
ing. I was not amused at the idea of 
having pay for another mobile phone 
plan just because the NBN won’t work 
during a power outage. 

This brings up the question: how 
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ITP11 Process indicator (Red) 
Easy to mount the ITP11 fits into a 
standard 22.5 mm borehole for signal 
lamps and can be connected to any 
transmitter with a 4-20 
mA output. The measured 
values are scalable and 
there is also an optional 
square root function. 

SKU: AKI-001 

Price: $119.95 ea + GST 


PR200 Programmable relay 
Features 

8D1+8D0+4AI+2A0. 

Includes LCD and Function 
buttons. Easy to Program 

Function Block Software. 

SKU: AKC-001 

Price: $399.95 ea + GST 


Ursalink 3G SMS Controller 
Budget priced 3G SMS 

Controller. It has 2 

digit inputs and 2 relay 

outputs. SMS messages 

can be sent to up to 

6 phone numbers 

on change of state of an input and the 
operation of the relays can be controlled by 
sending SMS messages from your mobile 
phone. 

SKU: ULC-001 

Price: $224.95 ea + GST 


8 Digit LCD Meter 
LCD Meter for Rotation speed / Frequency 
measurement. Battery 
powered, IP66 Front panel 
protection. 

SKU: HNI-102 

Price: $64.95 ea + GST 


AC Volts/Current Indicator 
A budget priced 4 Digit 

Process Indicator(48 x 96 

mm) with 0-500VAC/0- 
50VAC/0-5Aac/0-1Aac 

Input, Alarm relay output 

and 24 VDC Powered. 

SKU: DBI-032 

Price: $149.95 ea + GST 


Loop Powered Temperature Senso 
This is a simple 4 to 20 mA output 

loop powered temperature sensor with 
measurement range 

from -10°C to +125°C 

designed for monitoring 

RTU and PLC cabinet 

temperatures. 

SKU: KTD-267 

Price: $54.95 ea + GST 


Temperature Sensor Wall Mounted 
100 mm probe Pt100 RTD sensor with 
standard head. 3 wire 
connection and room in the 
head for a signal conditioner. 
SKU: AKS-001 3 

Price: $59.95 ea + GST 
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long will the 3G/4G network operate 
in the event of a mains failure? Even 
if your phone is charged, it’s no good 
if the local towers have lost power. 

I have rung Optus, Telstra & Voda- 
fone and they all just said that the tow- 
ers could run indefinitely if the mains 
fails. I find that hard to believe. 

They would not let me talk to their 
technical staff to find the real answer. 
Through a friend who knows someone 
in Telstra, I was told that the current 
Telstra base stations would run for a 
maximum ofthree hours on a good day. 

I heard second hand that during the 
bad storm in December 2018, the base 
stations in Cherrybrook and Galston 
were off the air for more than two 
days but I have not been able to con- 
firm if this was due to power failure 
or storm damage. 

In summary, the move to the HFC 
NBN is a massive backwards step from 
a reliability point of view. It seems if 
the power fails, I will lose the land- 
line telephone immediately and then 
the mobile network after around three 
hours, possibly sooner if the network 
is overloaded as a result of the NBN 
going out. 

How then amI to call for help in case 
I need a 000 service more than three 
hours after the mains fails? 

David Williams, 

Hornsby, NSW. 

Response: that’s an excellent question. 
Perhaps a reader can give us a good 
answer. We were not amused when our 
office phone lines failed for 24 hours 
a few months after we were forced to 
switch to the NBN. 

The old copper system never had 
that problem. We had to reboot our 
router to get the phones back. We 
only found out they were down when 
customers complained they couldn’t 
reach us! 

In the meantime you can try looking 
into priority assistance: siliconchip. 
com.au/link/aanh 

Telstra is the only provider that is 
required to provide this, but unless 
you're on FTTP there’s not a lot extra 
they can do other than give you pri- 
ority for repairs. Your only other op- 
tions are to invest in a pager or a sat- 
ellite phone. 


Help to identify a shuttered 
manufacturer 

Ihave been given a Datasaver 2 UPS 
that still works. I want to find out who 
made it and if it could be adapted to 
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lithium batteries, as I use these in mo- 
torcycles. 

The unit was made by a company at 
445 Macquarie Street, Hobart, Tasma- 
nia. When I looked up this address on 
Google Maps, it was an empty factory 
that was up for sale. 

The phone number on the label is 
a very old one: 002 23 4263. Can an- 
yone give me details on this piece of 
equipment, put me in touch with the 
company or tell me of someone who 
may know about them? 

Would it also be possible for you to 
design a project that could be fitted to 
motorcycles to allow them to safely 
use lithium batteries? 

There have been several incidents 
when people have tried to do this. 
Some bikes have burned to the ground, 
despite using batteries designed for 
use in motorcycles (Motocell brand). 
This can be a very expensive experi- 
ence with sports bikes costing up to 
$40,000. 

Peter Allica, 

Yinnar, Vic. 

Response: if anyone has information 
for Peter, please e-mail us at silicon@ 
siliconchip.com.au 

We would be reluctant to use any 
lithium-ion battery in a vehicle unless 
it was LiFePOq, because batteries in 
automotive applications can get very 
hot and LiPo/Li-ion batteries can fail 
spectacularly. 

LiFePO4s are much more robust and 
don’t explode or catch fire when they 
fail. See our article on them in the 
June 2013 issue (siliconchip.com.au/ 
Article/3816). 

We are surprised that batteries 
claiming to be suitable for use in mo- 
torcycles appear to have virtually no 
protection circuitry. You should avoid 
that brand entirely. 

We don’t suggest you try to adapt 
any other kind of batteries for au- 
tomotive use. SSB Lithium Ultralite 
batteries should be safe. See http:// 
siliconchip.com.au/link/aan7 


Using a Raspberry Pi to play videos 

Like many these days, we have an 
extensive DVD collection that’s grown 
over the years. A while back, I decided 
to recycle a PC for use as a Plex server 
and rip our DVD collection to MPEG4 
files, our many CDs to FLAC audio 
format and also to add all our digital 
photos to the server. 

That computer has now been su- 
perseded by a recent Gumtree find, a 
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QNap NAS box with 12TB of storage. 

I first tried an Android-based box 
for playing the video and audio files 
and viewing the photos. But it was 
slow and clunky, and not terribly re- 
liable, with quite a few slowdowns 
and lockups. 

So I switched to a Raspberry Pi 3 
running a dual boot of LibreElec and 
RasPlex. This works very well indeed, 
but has a few minor shortcomings. 

First off, the Pi has no real power 
switch, and secondly, there is no way 
to remote control Plex or LibreElec 
that’s suitable for my family to use. 
How about a project using a Raspber- 
ry Pi 2 or 3, running a version of Kodi 
with a custom power switchboard and 
infrared remote control? 

A learning function for the IR remote 
would be handy, as would a nice cus- 
tom case with PWM fan cooling and 
an easy-to-use power switch. More 
features could be added, of course, 
like a SATA hard drive interface etc. 
But I think just the power switch and 
learning IR remote control would be 
a great start. 

Raff. Lerro, 

Gold Coast, Qld. 

Response: that’s an interesting idea 
that we will look into. 


Good experience with Banggood 

I must respond to the letter from 
John Evans, published on page 8 of the 
February 2019 issue, regarding dissat- 
isfaction with Banggood’s after-sales 
service. Over the last few years, I have 
ordered several items from Banggood. 
All have arrived safely after variable 
delays due to postal services etc with 
only one exception. 

I received an incorrect item about 
a fortnight ago. Communications 
with Banggood via their chat service 
quickly rectified the problem, and after 
providing the requested information 
(copy of initial order, scanned copies 
of postal information and photograph 
of the received item), the item was re- 
placed by post. The replacement item 
arrived in good working order. 

Col Hodgson, 

Wyoming, NSW. 


Manufacturing problem with some 
AD9833 modules 

I have finished construction of the 
Superhet Alignment Generator (Sep- 
tember 2017; siliconchip.com.au/ 
Article/10799) using parts ordered 
from your Online Shop, including 
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the Micromite LCD BackPack kit and 
AD9833 DDS module. While the Mi- 
cromite module is working correctly, 
there is no signal coming from the DDS 
module output. 

Fortunately, I had previously con- 
structed the DDS Signal Generator 
(April 2017) and this unit works per- 
fectly. I therefore connected the DDS 
module supplied with this order in 
place of the known good DDS mod- 
ule on the DDS Signal Generator and 
there was absolutely nothing coming 
out of the new DDS module. 

While the two modules look simi- 
lar, the non-working unit has less clear 
screen printing on the PCB, and it does 
not have AD9833 printed on it as does 
the working unit. I am guessing they 
are from different manufacturers. 

The working unit has a clock oscil- 
lator with a big “25MHz” printed on 
it while the dud module has “TXE 
EBc73” printed on it and “25.000” on 
a second line of text. 

I decided to measure the SMD re- 
sistors on the two modules and found 
that the four resistors closest to the 
pin header (between CLK and FSY) 
all measure 100Q on the good board 
and 10kQ on the bad board. Close in- 
spection with a magnifier shows the 
resistor arrays are marked 101 and 103 
respectively. That’s a pretty big differ- 
ence and would play havoc with the 
control signals. 

Geoff Graham’s suggestion was to 
just remove the 10kQ resistor array 
and replace the four resistors with 


wire bridges. I did that and the mod- 
ule now works. 

You need a steady hand and a good 
magnifier. Liberal application of liq- 
uid soldering flux (washed down lat- 
er with isopropanol), pre-tinning the 
board pads and the fine wire used for 
bridging plus a fine tipped soldering 
iron ensures a good result. 

Ross Herbert, 

Carine, WA. 

Response: we went through our stock 
of modules and checked. Bizarrely, 
not only did we find modules with 
100Q and 10kQ resistors as you did, 
we even had some modules with 1kQ 
resistors! It’s almost as if the manu- 
facturers are just throwing whatever 
component they can get on there, re- 
gardless of value. 

Presumably, these modules would 
all work as long as the drive frequen- 
cy was low enough, depending on the 
resistor values. 

We’ll be on the lookout for this in 
future and reject shipments from sup- 
pliers that have the incorrect values. 
We’ll replace the 1kQ and 10kQ resis- 
tors with 100Q resistors for any of the 
modules we currently have. 


Low coolant alarm is a good idea 

The letter asking about how to build 
the Coolant Alarm described in 1994, 
on page 110 of the February issue, 
prompted me to write to you regard- 
ing my experience with that project. 

Back in the early 1990s, I destroyed 
the engine in my car due to a leaking 
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radiator, resulting in severe overheat- 
ing. A year or two later, SILICON CHIP 
published the Coolant Level Alarm 
project. I built one and fitted it to my 
new car to prevent re-occurrence and 
have fitted them to all my cars since. 

My son borrowed my 2000 Nissan 
Pathfinder during Christmas 2018 and 
Ireceived a phone call asking what the 
beep and LED flashing on the dash was. 
I asked him to check the coolant lev- 
el. It was low but not empty so costly 
engine failure was avoided. It turned 
out to be a faulty radiator cap which 
was easily replaced. 

I also built a Coolant Level Alarm 
for my son-in-law as his father had 
lost an engine due to a blown radiator 
hose. He rang me one day and said his 
father was not happy as he had blown 
another engine due to a coolant leak 
and my Coolant Alarm did not go off. 

After he let me stew for a while, he 
added that his dad had not got around 
to fitting it! It’s a great project and I still 
use it to this day. 

Fred Wild, 

Airport West, Vic. 


Other approaches to a Low Coolant 
Alarm 

Back in the 1970s, National Semi- 
conductor produced an IC specifically 
for use as a low coolant level alarm in 
vehicles: the LM1830N. 

For 35 years I have used this chip 
in cars, trucks and tractors to give an 
alarm on low water level in the radia- 
tor, and at least one is still in use today, 
working well. I have not had a fault or 
false indication yet. I still have spares 
for future use. 

The circuit for using this chip was 
published in the NatSemi 1982 Lin- 
ear Handbook. It has only a couple 
of components mounted onto a small 
circuit board and built into a tiny Jiffy 
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box, mounted under the dash. I added 
a transistor and buzzer for an alarm. 
For the sensor, I use a small spark plug 
with the bent electrode broken off, 
mounted in a brass socket soldered 
mid-way into the radiator top tank. 

On turning on the ignition it gives a 
brief buzz, indicating that it is in op- 
eration and functioning correctly, then 
only produces an alarm if the water 
level is low. 

This IC had such a low oscillator 
output level (AC) that I also made 
several bed wetting alarms for young 
children, and it worked exceptionally 
well. Two minuscule probes mounted 
in a nappy or pad and not in contact 
with any skin achieved an instant re- 
sult. 

Sadly, the LM1830N is no longer 
manufactured but does appear on eBay 
at exorbitant prices. 

In its day, National Semiconduc- 
tor was regarded by me as second to 
none in quality, and I do not remem- 
ber a single failure, not like the last 10 
years where every component has to 
be regarded with suspicion. 

Iseem to remember Electronics Aus- 
tralia producing a minimum count 
discrete component version of a water 
level detector that achieved the same 
job, but I have not checked. 

I have been a reader of EA and SILI- 
CON CHIP for some 60 years and built 
many projects. Thanks for the excel- 
lent magazine. 

Denys Cooper, 

Laura, SA. 


More failing motor capacitors 

The over-current device tripped on 
one of my air conditioners during the 
recent heatwave. On the next day, not 
so hot, it did it again even at a higher 
temperature setting and so I checked 
the capacitors and found the motor run 
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capacitor to be open circuit. 

One clue was that the compressor 
sounded wrong; the wow-wow sound 
of the induction motor, as the rotor 
slipped relative to the 50Hz supply, 
was faster than usual. I replaced the 
capacitor with a new one but thought 
I should check the capacitors on my 
two other air conditioning units and 
found that they were both well below 
their rated values. 

Having been involved more with 
low-powered electronic devices over 
the years, my impression of old capaci- 
tors was that the foil type capacitors 
generally held their values as they age 
and so I was surprised to find these 
failed. Run capacitors are always foil 
type (once called paper) capacitors, ei- 
ther oil filled or dry. My guess is that 
they have partially delaminated. 

The rather cynical trade supplier I 
purchased the new ones from thought 
I was lucky to get more than a couple 
of years’ life out of a motor capacitor. 
He thought of a capacitor rather like 
a battery going flat from the moment 
it started in life. 

I wonder how many other air condi- 
tioners are running with below-speci- 
fication capacitors. These motors will 
be running hotter than normal which 
will cause the insulation to deteriorate 
quicker, and so shorten the life of the 
motor. A quick check might put off the 
need to replace a compressor. 

Ken Moxham, 

Urrbrae, SA. 

Comment: all components have a finite 
lifespan, but motor capacitors have a 
pretty harsh life, with high inrush cur- 
rents and high operating temperatures, 
as well as being exposed to power 
spikes. It isn’t surprising that they need 
occasional replacement, although we 
suspect many such capacitors are low 
quality and so fail prematurely. SC 
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Part 2 — by Dr David Maddison 


Last month we looked at some of the newest 
Smartphone Apps requiring little or no “extra” 
hardware to measure, record and even diagnose 
ailments. But there’s a host more apps which 
work with some add-ons to the smartphone. 


tions require capabilities beyond 

that provided by a phone’s built- 
in hardware, so an external electronic 
device is required. 

This can interface with the phone 
via wireless (such as Bluetooth or 
WiFi), or it can plug into a wired port; 
eg USB or Apple’s Lightning. 


S ome medical diagnostic applica- 


Detecting cancer 
with an “artificial nose” 

There are a number of claims, dat- 
ing back to a report in “The Lancet” 
in 1989, that a dog can be trained to 
detect certain forms of cancer which 
are revealed by a distinctive smell of 
the breath, perspiration or urine. 

These are apparently caused by 
chemical compounds generated by 
the tumour. 

While some people are sceptical of 


Fig.12: a patient’s breath being 
sampled by the handheld Na-Nose. 
Image source: Technion. 
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such claims, based on this idea, Israeli 
scientist Professor Hossam Haick set 
about in 2007 to develop the Na-Nose 
(short for Nano-artificial Nose). 

This device is modelled on the ol- 
factory system and brain of a dog so 
that it can detect, via a breath sample, 
diseases such as certain cancers, Par- 
kinson’s disease, multiple sclerosis, 
Alzheimer’s, gastric ailments, kidney 
disease and others (Fig.12). 

Each disease produces a unique 


“breathprint”. The idea is to be able 
to detect disease conditions early, be- 
fore a patient is even aware of them, 
when much more effective treatment 
can be given. 

The Na-Nose uses nanotechnology, 
with gold nanoparticles and carbon na- 
notubes making up part of the sensor. 

These nanoparticles and nanotubes 
are coated with organic ligands. A 
ligand can form a complex in the pres- 
ence of specific organic molecules, 


Fig.13: a panel showing the SniffPhone features. 
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Fig.14: 
the prototype 
version of the 
SniffPhone, which now 
wirelessly connects to a smartphone. 


Fig.15: the prototype Na-Nose ae 
SniffPhone sensor array. 


changing its properties and this change 
can be detected. 

When a molecule of interest is 
detected, the electrical resistance be- 
tween the nanoparticles or nanotubes 
changes and the resulting signal is 
analysed. 

Pattern recognition software in the 
computer, which has learned various 
disease signal patterns from machine 
learning, is then used to diagnose the 
disease. 

The Na-Nose was initially trained 
to detect 23 diseases and was used in 
19 hospitals worldwide, with 8000 
patients to teach its machine learning 
software. 

In follow-up trials, it was found to 
detect gastric cancers with 92-94% 
accuracy and it could also detect 17 
different diseases in a trial of 1404 
people with an accuracy of 86%. 

You can see a video with more 
details, titled “Detecting Disease 
Through Breath Prof. Hossam eee 
Technion” at: $ 


The alani is now to miniaturise the 
Na-Nose to create a device called the 
SniffPhone, which will be used as a 
peripheral for a smartphone 

The SniffPhone (ww 
eu/) is under development lead by 
Technion-Israel Institute of Technol- 
ogy’s professor Hossam Haick, with a 
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consortium that includes several Eu- 
ropean companies (Figs.13, 14 & 15). 

See the video called “Sniffphone, a 
Phone So Smart It Sniffs out Disease 
- sso Haick “Technion” at: 


Portable DNA analysis 
Q-POC is a system under develop- 
ment by UK- hasp QuantumMDx 
ms). This 


device will give DNA analysis within 
10-20 minutes of taking a sample from 
a patient. 

The device looks for specific DNA 
markers associated with certain 
diseases, or susceptibility to certain 
drugs. 

It amplifies DNA using PCR (the 
polymerase chain reaction) — all in a 
handheld device! (Fig.16) 

It can be used to determine if a pa- 
tient is sensitive to a particular drug or 
not and whether it may have adverse 
effects if it is administered. 

It can also determine drug suscep- 
tibility for treatment of tuberculosis, 
sensitivity to warfarin anticoagulant 
and provides rapid detection of certain 
infections that otherwise would take 
48 hours of laboratory tests. It can also 
detect asymptomatic cases of malaria, 
so that drugs can be given early during 
the onset of the disease. 

This device will have many appli- 
cations for a variety of health profes- 
sionals, including in a doctor’s office 
in Western countries, and for field 
workers in developing countries with- 
out healthcare infrastructure. 

The tests will be cheap and reliable. 
The initial target price for the device 
is £1,000 (~AUD$1750) with a cost per 
test of £3 (slightly more than AUD$5). 

The release date was initially ex- 
pected to be 2018 but as of January 


Fig.16: the QuantumMDx Q-POC. 
device, currently under development. 
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Wound Analyser App 


Further to our look at diabetes-related 
smartphone apps in part one of this feature, 
as we went to press an article appeared in 
“New Atlas” on a smartphone app which 
would give much more consistency in the 
treatment of diabetic ulcers and wounds. 

It’s called “Swift Skin and Wound” and 
was developed by Dr Sheila Wang at McGill 
University in Montreal, Canada. 

One of the (many!) side effects of diabe- 
tes is the significant slowing of the body’s 
ability to repair damage due to lower blood 
flow to the wound site. Normally, increased 
pain would alert patients/clinicians to 
problems but a lack of nerve endings in 
many diabetics means wounds might go 
untreated. 

Traditionally, wounds have been ana- 
lysed simply with a ruler to check whether 
they are increasing, remaining the same 
or diminishing. Its an imprecise system, 
relying on judgement which has been 
unreliable. 

Swift Skin and Wound uses an iPhone 
camera to compare the current area of a 
wound to a marker of a known size, which 
is placed on the skin. It can additionally 
incorporate a phone-mounted FLIR infra- 
red camera, which can detect infection via 
increased skin temperature. 

In use by Montreal’s McGill University 
Health Centre (MUHC) since 2016, the app 
has been shown to produce more consist- 
ently accurate readings than a ruler and to 
be as accurate as a measuring tool known 
as a digital planimeter. Unlike a planimeter, 
however, the app allows clinicians to store 
and track measurements over time, and to 
share them with physicians in other loca- 
tions via the internet. 

This could be a particularly valuable 
feature in remote regions, where high staff 
turnover means that multiple successive 
Clinicians end up tracking the same wound. 


G 


Swift Skin and Wound uses a 
smartphone camera to take images 
of a wound against a marker placed 
on the skin. As well as being much 
more precise, images can be stored 
on Sn toa Ts 
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Fig.17: HIV detection using surface acoustic wave (SAW) sensors in around 10 
seconds. (a) prototype configuration (b) image of prototype (c) a phase shift is 
generated on the SAW device due to the presence of the virus particle, which is 
measured (d) the disposable SAW chip (e) How the SAW biochip captures HIV 
particles on special capture proteins, leading to a phase shift (f) HIV structure. 
Image source: www.nature.com/articles/s41598-017-11887-6 


2019 there has been no news of its 
release. 

For more information, see the video 
titled “Inside Q-POC: Translating ge- 
netic code to binary” at: siliconchip. 
com.au/link/aamu 


Single-channel 
och 


Fig.18: the nanotechnology scheme and 


Virus detection 

Scientists at the University of 
Surrey (England) have developed a 
10-second HIV test using disposable 
surface acoustic wave (SAW) biosensor 
devices that plug into a smartphone. 


p 


smartphone device used to detect the Zika virus. 
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The device uses blood from a finger 
prick and no processing of the sample 
is required. 

SAW devices generate acoustic 
waves by piezoelectric means and the 
presence ofa mass on the device (such 
as captured virus particles) causes a 
change in the properties of the acoustic 
signal which can be measured. The 
mass can then be determined, leading 
to the identification of the substance 
under test (Fig.17). 


Zika virus 


Another virus which is being heav- 
ily researched is the Zika virus. It is 
a significant public health concern as 
it can cause severe complications in 
infants if their mothers catch the virus 
during pregnancy. 

The virus mainly affects third world 
tropical countries but there have been 
cases of travellers bringing the disease 
back to Australia. 

Researchers at Brigham and Wom- 
en’s Hospital in Boston, USA ( 
siliconchip.com.au/link/aamv) have 
developed a smartphone-connected 
device that uses nanotechnology to 
cheaply and easily detect the virus. 
This will be especially welcome in 
countries that cannot afford more ex- 
pensive diagnostic technology. 

The device is intended for use both 
by both medical professionals and for 
couples who are trying to conceive. 
Virus diagnostics are frequently based 
upon detecting antibodies in the 
blood, however, in the case of Zika, 
similar viruses such as dengue can 
elicit the same response, leading to 
false positives. 

To solve this, the Brigham and 
Women’s Hospital team have devel- 
oped a completely non-conventional 
approach. 

They developed polystyrene (PS) 
microbeads (3 microns diameter) that 
have an affinity for the virus, as well 
as platinum (Pt) based nanomotor 
structures that also have an affinity 
for the virus. 

(A nanomotor is a molecular-size 
motor made from atomic components.) 

Both the beads and the nanomotors 
have Zika-specific antibodies attached 
to them. 

When the virus attaches to the 
microbeads and the nanomotors in a 
hydrogen peroxide (H202) solution, 
the motion of the Zika, bead and 
nanomotor complex can be detected 
using a microchip and the camera on 
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Fig.19: (a) diagram of sickle cell tester (b) sample illumination and magnets (c) 


10 micron diameter microspheres undergoing magnetic levitation (d,e,f) various 
view of the 3D-printed prototype (g) image of magnetically levitated spheres on 

a smartphone (h) a conventional microscope laid on it side, doing a similar job. 

Image source: https://doi.org/10.1038/srep15022 


a smartphone (see Fig.18). 

Other viruses in the solution move 
much slower than the Zika virus, so 
the faster-moving Zika complex can 
be distinguished. 

The sensitivity of the technique is 
such that one virus particle per micro- 
litre can be picked up. 

The technology is called the “na- 
nomotor-based bead-motion cell- 
phone” (NBC) system and could 
potentially be used to detect other 
viruses in future 


Detecting sickle cell anaemia 


Scientists at the University of Con- 
necticut (US) and colleagues from 
Yale, MIT and Harvard have developed 
an experimental smartphone-based 
device to perform quick, inexpensive 
tests for sickle cell disease. 

The test relies on the fact that the 
deformed blood cells have different 
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magnetic properties to normal blood 
cells and when placed in a magnetic 
field in a special solution, will levitate 
to a different degree (Figs.19 & 20). 
The device will have particular ap- 


Fig.20: the sickle cell testing device in 
use. It is a similar size to a smartphone. 


Fig.21: prototype blood-pressure 
monitoring smartphone peripheral, 
mounted on the back of the phone. 


plicability in Africa, where there are 
few medical testing facilities and the 
disease is common. 

See: siliconchip.com.au/link/aamw 
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Fig.23: a prototype of the flexible 
microfluidic cytometry wristband. 


Image source: https://doi.org/10.1038/ 
841378-018-0019-0 


Blood pressure monitoring 

Researchers at Michigan State Uni- 
versity (USA) siliconchip.com.au/ 
link/aamx have recently developed a 
smartphone peripheral and app that 
measures blood pressure at the finger. 

It uses a force and optical sensor, 
which works on the same principle 
as a cuffed blood pressure measuring 
device. 

It allows for blood pressure to be 
quickly and easily tested with reason- 


Record EKG 


™%» 
28 


How are you feeling? 
For example, say “Dizzy”, 


Fig.25: the AliveCor KardiaMobile ECG App and its 
associated hardware. Now available in Australia, it 
consists of a device and app that enables you to record 
and review electrocardiograms (ECGs) anywhere, anytime. 
The device attaches to the back of most iOS and Android 
devices, and communicates wirelessly with the free 
Kardia app, providing powerful display, analysis and 


communication capabilities. 
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Fig.24: the Apple Watch Series 4 smartwatch with cardiac monitoring feature. 


able accuracy. The peripheral commu- 
nicates with the phone via Bluetooth 
(Figs.21 & 22). 

For more details, see the video titled 
“This modified smartphone measures 
blood pressure directly from your fin- 
ger” at: siliconchip.com.au/link/aamy 

There are also many other com- 
mercial smartphone-connected blood 
pressure monitors on the market 
which interface to a smartphone, how- 
ever, all of these use a traditional cuff. 


They includes the QardioArm, 
Omron Evolv, Kinetik Bluetooth blood 
pressure monitor, Pyle PHBPB20, Om- 
ron 10 Series and iHealth Feel. 


Tracking blood counts 
(cytometry) 

Cytometry involves the determi- 
nation of the physical and chemical 
characteristics of cells such as blood 
cells. Cytometry can be used to provide 
significant insights into a patient’s 


Fig.26: MELISA (Mobile Enzyme-Linked Immunosorbent 
Assay), a mobile version of the gold standard for laboratory 
biochemical analysis (ELISA). This prototype enclosure is 
3D printed and the incubation function is controlled by an 
Arduino. The light to illuminate the sample trays is provided 
by an LCD screen. Image capture is done with a smartphone. 
Usually, the door of the MELISA is closed for image capture 


but is open here for demonstration purposes. 
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Fig.27: the prototype mReader. It 
contains 96 sample wells which change 
colour if a particular biomarker is 
present. The smartphone detects and 
analyses that colour change. 


health such as measuring white or red 
cell counts or platelet levels. 

Researchers at Rutgers University 
(see siliconchip.com.au/link/aamz) 
have developed a wearable wristband 
that performs flow cytometry via a 
microfluidic device that analyses a 
sample of tiny amounts of blood. 

Many other biomarkers in the blood 
such as proteins and nucleic acids can 
also be sensed (Fig.23). 

Data is sent to a smartphone and then 
possibly to a central database. 

The device can be used to monitor 
the health of patients on a continual 
basis, such as those undergoing chemo- 
therapy, to ensure their blood counts 
remain at an acceptable level. 


Cardiac monitoring 

The Apple Watch Series 4 can moni- 
tor cardiac activity such as heart rate 
and it also has basic ECG (electrocar- 


TOG 


Fig.30: Dynamic Biomarkers’ Tricorder 


device showing smartphone interface and drawers of the 
unit showing various diagnostic accessories. 
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Fig.28: the TRI Analyzer, showing a 
cartridge with multiple samples being 
inserted into the device. 


diogram) functionality. 

The ECG measures the electrical 
activity of the heart and the apple 
Watch does this by making a connec- 
tion between the watch on the wrist on 
one side of the body and a finger of the 
opposite side of the body, held to the 
crown of the watch (Fig.24). 

This is equivalent to a single-lead 
ECG, as opposed to the traditional 
12-lead ECG used in hospitals and by 
medical staff. 

An app associated with the watch 
can detect normal sinus rhythm and 
a condition known as atrial fibrilla- 
tion which requires urgent medical 
attention. 

(We published a DIY ECG project in 
the October 2015 issue; see siliconchip. 
com.au/Article/9135). 

The AliveCor (www.alivetec.com/) 
KardiaMobile ECG app and hardware 
is a single-lead ECG monitoring device 
that works with smartphones (Fig.25). 
Like the Apple Watch, it can warn of 
atrial fibrillation. 

A recent study by the Intermountain 
Medical Center Heart Institute in Salt 
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Fig.29: the DxtER kit with peripherals 
and tablet. It has been developed to 
diagnose 34 conditions including 
diabetes, atrial fibrillation, obstructive 
pulmonary disease, urinary tract 
infection, sleep apnea, stroke, 
tuberculosis, pneumonia and more. 


Lake City (USA) found that the app 
could also be used to diagnose a type of 
heart attack known as an ST-Elevation 
Myocardial Infarction (STEMI), in 
which a major artery to the heart is 
blocked, almost as accurately as a 12 
lead ECG. 

In the study, the device was moved 
around the body to record the same 
signals as a traditional 12-lead ECG. 


Mobile lab-quality tests 


The Mobile Enzyme-Linked Immu- 
nosorbent Assay (MELISA) is a proto- 
type mobile version of the gold stand- 
ard of laboratory biochemical analyses, 
ELISA, which has been developed by 
researchers at the University of South 
Florida (see Fig.26). 

The device incubates samples in a 
medium which changes colour accord- 
ing to the amount of sample under test. 
The colour change is analysed by the 
camera on a smartphone, to measure 
the amount of the substance of interest. 

The device has been demonstrated 
measuring the female hormone pro- 
gesterone and is being developed to 


Fig.31: the My UV Patch. It is about the size of a 50c piece 
and half the thickness of a human hair. Different parts 
change colour according to the UV exposure received. The 
patch contains flexible electronics that store a unique ID. 
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measure other substances. 

It is expected to be used in applica- 
tions such as clinics in remote areas 
and third world countries. The device 
and tests are very much cheaper than 
the equivalent ELISA equipment and 
tests. 

Similarly, mReader (mobile reader) 
is a prototype device from the Washing- 
ton State University and University of 
Pennsylvania, designed primarily for 
use in third world countries, which can 
simultaneously check 96 different pa- 
tient samples for 12 different bacterial 
or viral infections (see Fig.27). 

Diagnosis is made by colour changes 


Fig,34: enlargement 
of the internal electronics of UV Sense. 
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Fig.32 (left): the 


smartphone App 
which reads the E 
My UV Patch. 


Fig.33 (right): 
“exploded” view 


of UV Sense device C®Pacitor 
which is attached to 
the thumbnail. Itis Bare die 


2mm thick, 9mm in 
diameter and can be 
worn for up to two 
weeks at a time. 


which are detected by a smartphone. 
The patient samples are deposited 
in specially treated wells with reac- 
tants that undergo a colour change 
in response to the presence of certain 
viruses or bacteria. 


Portable spectrometer 


The TRI Analyzer was inspired by 
the fictional Tricorder from Star Trek. 
TRI stands for transmission, reflec- 
tance and intensity. 

It was developed by scientists at 
the University of Illinois at Urbana- 
Champaign. It is a spectrometer and 
can perform common laboratory tests 
on blood, urine and saliva samples 
(see Fig.28). 

The device can be used to perform 
any standard biochemical test that 
produces a colour change or generates 
light in the form of fluorescence, such 
as the standard ELISA test (enzyme- 
linked immunosorbent assay). 

The 3D-printed device uses the 
smartphone’s flash as a light source or 


Fig.35: the Nima peanut testing device. Results can be 
uploaded to a database so other users can see what products 
contain peanuts or what establishments have peanuts in 
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uses a laser diode to illuminate a test 
sample and the light from the sample 
is guided via optical fibres through a 
diffraction grating to the smartphone 
camera. 

Multiple samples can be tested in 
one session, by pushing a cartridge 
containing the samples through the 
device. 


General health diagnostics 

DxtER (www.basilleaftech.com/dx- 
ter/) was originally developed to win 
the Qualcomm Tricorder X-Prize (see 
panel last month) but has now been 
developed to diagnose 34 conditions 
including diabetes, atrial fibrilla- 
tion, chronic obstructive pulmonary 
disease, urinary tract infection, sleep 
apnea, leukocytosis, pertussis, stroke, 
tuberculosis and pneumonia. 

The device and associated technolo- 
gies are still under development (see 
Fig.29). 

Dynamic Biomarkers also developed 
a device for the Qualcomm Tricorder 


their menu items. There is also a similar device to determine 
if products are gluten-free or not. 
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Fig.36: a sweat analysis patch before being fitted, with 
the various sensors and antenna clearly visible. 


X-Prize, winning second place. It comprises a smartphone, 
vitals signs monitoring set, a scope set and gives the ability 
to perform blood, urine and breath tests (see Fig.30). 

Vital signs that can be monitored include temperature, 
heart rate, blood pressure, respiration, and oxygen satura- 
tion. Signal processing techniques are also used to assess 
the risk for conditions such as atrial fibrillation and sleep 
apnoea. 

It also includes a Bluetooth-enabled magnifying cam- 
era, to obtain high-resolution images of the skin and ear 
membrane. 

Machine learning is used to analyse acquired images 
and calculate the risk for either melanoma or otitis media 
(middle ear infection). Extra computing power beyond 
what can be provided by the smartphone comes from cloud 
computing. 

Blood, urine and breath tests are employed to analyse 
fluids or breath dynamics to diagnose conditions such as 
urinary tract infection, diabetes and chronic obstructive 
pulmonary disease. 

Work is underway to develop a next-generation version 
of this device for use in developing countries. 

For more information, see the video titled “Final Fron- 
tier - Qualcomm Tricorder XPRIZE” at: siliconchip.com. 
au/link/aanO 


Monitoring UV light exposure 


Overexposure to UV light causes sunburn and can in- 
crease the risk of skin cancer, which is a serious public health 
problem in Australia. “My UV Patch” is a product from La 
Roche-Posay which is intended to help users avoid this. 

It is a wearable, flexible, stretchable, extremely thin (50 
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Fig.37: the sweat analysis patch sensors use the principles of 
microfluidics, ie, fluids moving through extremely small 
channels. 


microns) adhesive patch that is applied to the skin (see 
Figs.31 & 32). 

It contains a number of coloured squares with UV sensi- 
tive dyes that change colour with UV exposure. It also has 
some fixed reference colours. It also contains some flexible 
electronics that are 15 microns thick. 

The electronics communicate with the smartphone via 
NFC (Near Field Communication) and convey an ID which 
is unique to the patch. 

A smartphone app images the patch with its camera 
and the colour changes in the UV-sensitive dyes are used 
to determine personal UV exposure. The app takes into 
account the user’s geographic location too, determined via 
GPS. The disposable patch can be worn for up to five days. 

LOréal has also developed smartphone-connected UV 
monitoring products to enable improved skin care. They 
allow the user to measuring their exposure to harmful UV, 
enabling them to reduce it if exposure is excessive. They 
have produced two devices. 

My Skin Track ( siliconchip.com.au/link/aan1) is avail- 
able now, in the form of a wearable sensor that can be hung 
around the neck or attached to clothing. It is waterproof 
and requires no batteries. A LED is used to sense UV light 
and it too communicates with a smartphone app via NFC 
(Near Field Communications). 

The app also displays environmental data downloaded 
from the internet such as pollen count, pollution and 
weather. It indicates the proportion of maximum allowable 
UV exposure that has been reached according to a user’s 
skin type. 

UV Sense is a solar-powered 
device which attaches to a 


Fig.38: various “Tech 
Tats” by Chaotic Moon 
Studios. 


Fig.39: the 

miCARE App, (still 
under development) 
monitors risk 
factors during 
pregnancy. 
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thumbnail. It can store up to three months of UV exposure 
data. It can be worn for up to two weeks at a time, then 
reattached with additional adhesive (see Figs.33 & 34). 

The device was developed in conjunction with MC10 
Inc, a leading wearable technology company, and professor 
John Rogers at Northwestern University (Illinois, USA — 
www.northwestern.edu/) It will be released globally later 
this year. 


Picking up food-based allergens 
Nima (https://nimasensor.com/) have developed smart- 


phone-connected devices that detect if food is gluten-free 
or whether it contains peanuts. 

The devices work by using antibodies that react to the 
proteins in gluten or peanuts and this results in a change 
in the antibody properties, which is detected by the device 
and the results can be sent to a smartphone for display and 
logging (see Fig.35). 


Illumination backstop 


Fig.40: a 3D printed smartphone microscope. Either the 
smartphone flash or sunlight is used for illumination. Free 
3D printer files are available to make this device yourself. š 
All that is required apart from the 3D print is a cheap lens. Skin sensors 

Image source: https://doi.org/10.1038/s41598-018-21543-2 “Tech Tats” is a concept from Chaotic Moon Studios, 
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The Vintage Radio Collection 
from the pages of SILICON CHIP 


“Vintage Radio” is one of the most popular columns which appears 

| every month in Australia’s most-read and authoritative electronics 
magazine, SILICON CHIP. 
Over the years many readers have asked us if there was a single source 
for all “Vintage Radio” articles so a particular set or sets they have managed 
to get hold of could be referenced. Until now, that was not possible. Physical DVD: 
But now it is! 
Wee put together a DVD# containing every “Vintage Radio” column for 
more than 20 years — from April 1997 right through to December 2018 — and 
included an easy-to-read index so you can find the one you're looking for. 
They’re all provided in PDF format so the quality is even better than in the 


Sweat analysis 

Scientists at Northwestern University have also devel- 
oped a stretchable, disposable electronic patch that adheres 
to the skin and which changes colour when exposed to 
sweat, revealing various body parameters such as pH, 
glucose, chloride and lactate. 

Electronics in the patch trigger a smartphone bought to 
close proximity, which takes a picture and uses the colour 
changes to determine the values of these biomarkers (see 
Figs.36 & 37). 


In paper sleeve - $55 
In deluxe case ^$% — $60 
(Plus $10 p&p within Australia) 

Downloaded copy - $50 


magazine (you can actually read many dials!). And there’s much more than T aa ae 


radios - there’s articles on vintage TVs, amplifiers... all from a bygone era! https://get.adobe.com/reader/ 


Cannot be used with an audio DVD Playor 


Exclusively available from SILICON CHIP: www 
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Suffer from Gout? You should read this! 


A number of Australian universities are currently calling for 
volunteers who suffer from gout AND own a smartphone with 
internet access to take part in the Australia-wide study of a 
new smartphone app to help manage and/or control their gout. 

Gout is a form of inflammatory arthritis that develops in 
some people who have high levels of uric acid in the blood. 
The acid can form needle-like crystals in a joint and cause 
sudden, severe episodes of pain, tenderness, redness, warmth 
and swelling. 

To take part in the study, you will: 

e Use a mobile app for one year and record gout attacks; 

e See your GP and have blood tests at least 3 times a year; 

e Fill out 3 surveys, including questions about your gout and 
treatment. 

You will be reimbursed for your time with a $30 gift voucher, 
after completing both a blood test and a survey at each time 
point of the study: the start, at 6 months, and 12 months ($90 
in total). 

If you know of anyone (including yourself!) who might be 
interested in participating, please feel free to share the study 
with them using the following link: 


https://mygoutapp.com/ 


Texas, USA — (www.chaoticmoon.com) of electronics 
attached directly to the skin that can monitor various 
physiological parameters or carry data such as banking 
information or identity confirmation. 

As you can see, they aren’t really tattoos but look a bit 
like they are (see Fig.38). 

For more information, see the video titled “Chaotic Moon 
Studios - Tech Tats” at: https://vimeo.com/144913588 


Monitoring complicated pregnancies 


There is a host of pregnancy-related apps available, in 
development or proposed — if you’re interested, google 
“pregnancy apps” and you'll find them. 

One which caught our eye is the UK-based miCARE, an 
app still under development but is designed to monitor 
various risk factors during pregnancy, such as detecting 
gestational diabetes. 

The app monitors parameters such as blood glucose, 
blood pressure, weight and kidney function, however, it 
will not use specially designed peripherals to do this. 

Rather, the app gets its data from existing equipment 
that is already in the at-risk pregnant mother’s home (eg, 
via Bluetooth — see Fig.39). 


Smartphone microscope for medical uses 


Numerous smartphone microscopes have been devel- 
oped over the years and they are all potentially suitable 
for medical applications such as the diagnosis of malaria, 
detection of E. coli or salmonella in food or assessment of 
water for parasites. 

This would be especially useful in third-world countries 
which lack proper laboratory facilities. However, many 
smartphone microscopes have drawbacks such as bulki- 
ness, the requirement of an external light source, difficulty 
in cleaning and the inability to view images in real time 
due to image processing overhead. 

An Australian team at the ARC Centre for Nanoscale 
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Fig.41: the mobile phone 
microscope by ARC Centre for Nanoscale BioPhotonics in 
use. Note the microscope slide in the first image. 

Image source: hitps://doi.org/10.1038/s41598-018-21543-2 


BioPhotonics (Macquarie University, Sydney) has overcome 
these disadvantages, creating an inexpensive 3D-printed 
design suitable for medical applications. 

Specimens as small as 1/200th ofa millimetre in diameter 
can be imaged, making it possible to view blood cells and 
cell nuclei among other things (see Figs.40 & 41). 

The same Centre has also developed a bioassay device 
(see Fig.42). 

If you have a 3D printer, you can actually make one of 
the ARC Centre-designed microscopes devices yourself. 
You can download the required files from _http://cnbp.org. 
au/online-tools 

All you need to add is a cheap lens from a mobile phone 
camera, which can be purchased online (or obtained from 
one of the estimated 23 million unused mobile phones 
hidden in drawers and cupboards at home... .). 


The future 


The future for mobile-phone based medical devices is 
promising. 

Ongoing miniaturisation will likely see these types of 
devices incorporated directly into smartphones of the fu- 
ture, which will enable them to become general-purpose 
medical monitoring devices. 

That should lead to improved health outcomes and 
reduced health care costs se 


polarizer 
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Fig.42: the smartphone bioassay device by ARC Centre 
of Excellence in Nanoscale Biophotonics. Certain colour 
channels of the smartphone camera are monitored to 
determine the amount of fluorescence from substances under 
test. Image source: https://doi.org/10.3390/s150511653 
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The Most Affordable World-Class 
PCB Fabrication & Assembly Services 


PCBCart is a China-based full feature PCB production solution provider. With over ten 
years’ experience on fabrication and assembly of all kinds of PCBs, we're fully 
capable of completing any custom project with superior quality and 

performance at any quantity on time, on budget. 


There are certainly cheaper PCB manufacturing offerings on the market, but the 
cheapest option is almost never the least expensive. Here at PCBCart, 
you don’t get what you've paid for, you get much much more! 


Advanced manufacturing capabilities: 


ntrol, etc. 


Free but priceless val 
Custom Layer Stackup 
Free PCB Panelization 
Valor DFM Check, AOI, AXI, FAI, etc. — 
Advice on Overall Production Cost Reduction 


ded options: 
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Ultra Low Distortion 
with Tone Controls 


Many hundreds - perhaps thousands — of the Very Low Distortion 
Stereo Preamplifier we featured in November/December 2011 have 
been built. But there has been one continuing request: how do I add 
tone controls? Well, this new version not only has tone controls but 
with component improvement over the years, offers 25% improved 
performance. That alone makes it worth considering — but it also 
has infrared remote volume control, input switching and muting. 
Meet the 2019 Ultra Low Distortion Preamp! 
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Features: 


e Very low noise and distortion 
e Remote controlled input selection and volume control with muting 


e Manual volume control plus bass and treble cut/boost controls 
e Tone control defeat switch bypasses bass and treble controls 
e Minimal interaction between tone controls 

e Can be used with just about any power amplifier, including our Ultra-LD series and the 20W Class-A amp 
e Designed to be mounted in the front of a stereo amplifier chassis, but is also suitable for standalone use 


e Three status LEDs 


e Runs from +15V DC 
e Similar size, shape and layout to our November/December 2011 Low Noise Preamplifier 


)NE 


MOTORISED 
VOLUME CONTROL 


his high-quality, low-distortion 

f and low-noise stereo pream- 

plifier can be used with just 

about any amplifier modules to form 

a stereo amplifier. It can also be used 
as a standalone preamp. 

A low-cost infrared remote control is 
used to switch between three separate 
inputs, adjust the volume or temporar- 
ily mute the output. 

Italso includes manual volume, bass 
and treble controls and pushbuttons to 
select between the three stereo inputs. 

LED indicators in the pushbuttons 
show which input is active. It also has 
power, acknowledge and mute status 
LEDs. All in all, it offers considerable 
advantages over previous models. 

You could build it into an amplifier 
based on our Ultra-LD series of ampli- 
fier modules, such as the Ultra-LD 
Mk.4 (August-October 2015; www. 


siliconchip.com.au/Series/289). 
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Or you could use easy-to-build, 
low-cost SC200 amplifier modules 
(January-March 2017; siliconchip. 
com.au/Series/308; Altronics kit Cat 
K5157). Or build it in a case and use 
it with an existing power amp. It’s up 
to you. 

And since it has a motorised poten- 
tiometer for volume control, you can 
adjust the volume directly with a knob 
if you don’t want to use the remote. It 
has an effectively-infinite number of 
possible volume settings, unlike most 
digital volume controls, which can 
have quite large steps. 

This preamp has much better per- 
formance than most. While we have 
published a couple of very low noise 
and distortion preamps designs over 
the last decade or so, none of them had 
tone controls. This one provides wide- 
range bass and treble adjustment knobs 
to allow you to overcome deficiencies 
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INFRARED 
REMOTE CONTROL 


Preamplifier -~ 


in your loudspeakers, compensate for 
the room response or just adjust the 
sound to be the way you like it. 

While the performance is excellent 
when the tone controls are active, we 
have provided the option to bypass 
them using a push on, push off switch. 
Its integrated LED indicator shows 
when the tone controls are switched 
in or out. 

This switch has three benefits. One, 
it’s difficult to centre the tone controls 
precisely when you want the response 
to be flat, so the switch provides an 
easy way to achieve that. Two, it pro- 
vides slightly better performance with 
the tone controls switched out. And 
three, it gives you an easy way to hear 
exactly what effect the tone controls 
are having, by toggling them on and off. 

A PIC microcontroller is used to 
provide the remote control, muting 
and input selection functions. 
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Preamplifier THD vs Level, 1kHz, gain=1 


01/13/19 10:32:39 


pitt 


0.005 


| BW 
| Œ Tone out, 22kHz BW 


ji a (ra | | GF ia ta 


| 
t T 


Í 
| 
| 
| | 
7 


Total Harmonic Distortion (%) 
Oo 
[o) 
Q 


Total Harmonic Distortion (%) 
© 
fo) 
S 
t 
| 


ji 
| 
Di : 
| | a 


‘zal LH 
200 500 1k 


Frequency (Hz) 


Fig.1: distortion across the entire range of audible 
frequencies is extremely low, whether the tone controls 
are active or not. There is a slight rise in distortion above 
10kHz, but below that, the distortion is below the noise 


floor. 


Input selection is by way of a sepa- 
rate PCB interconnected to the main 
preamplifier using 10-way ribbon ca- 
ble. If you don’t need the input selector, 
you can build the project without it. 

The micro remembers the last input 
selection, so it will go back to the same 
set of inputs even if it’s switched off 
and on again. 


Performance 


This preamplifier has excellent 
performance. It uses low-distortion, 
low-noise op amps throughout, plus 
we have taken great care to specify 
very linear types of capacitor and to 
keep resistor values low, where their 
Johnson (thermal) noise contribution 
is likely to affect the signal. 

Inevitably, the tone control circuitry 
adds some noise when it is switched 
in. But performance is still very good 
with the tone controls in, giving a 


Input impedance: ..…............. 22kQ 
Output impedance............... 100Q 
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S peci fications (2.2V RMS in/out, 20kHz bandwidth unless otherwise stated): 


Frequency response: .......... flat from 20Hz to 20kHz (see Fig.3), -1.25dB @ 100kHz 
Bass adjustment range: ......+15dB at 20Hz; +13dB at 75Hz 
Treble adjustment range:....+15dB at 20kHz; +14dB at 10kHz 


THDEN: cece ec <0.001%, 80kHz bandwidth; 


Be typically <0.0003%, 20kHz bandwidth (see Fig.1) 
Signal-to-noise ratio:.......... -121dB with tone controls out; -114dB with tone controls in 
Channel separation............. >80dB @ 1kHz; >67dB @ 10kHz (see Fig.4) 

Input separation:................. >98dB @ 1kHz; >80dB @ 10kHz 

Maximum gain................... .two times (6dB) 


bee up to 4V RMS input, 8V RMS output 


2k SK 


| TN | 

Bae | | 

0.2 0.5 1 2 5 
Level in/out (V RMS) 
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| 


Fig.2: this shows the effect of noise; as you reduce 

the volume and thus the output signal level, the fixed 
circuit noise becomes larger in proportion and so total 
harmonic distortion goes up. However, even at very low 


volume levels, it’s below 0.01% so it won’t be noticeable. 


THD+N figure of just 0.00054% at 
1kHz and 0.0007% at 10kHz. By 
comparison, with the tone controls 
out, those figures become 0.00044% 
and 0.00048% respectively — see Fig.1. 

Those measurements were made 
with a bandwidth of 20Hz-80kHz, 
which is necessary to measure distor- 
tion at higher frequencies accurately. 
But such a measurement includes a 
significant amount of ultrasonic noise 
(ie, in the 20-80kHz range). And Fig.1 
shows that the distortion performance 
is dominated by noise. 

So we also made measurements with 
a 20Hz-22kHz bandwidth, shown in 
blue on Fig.1, and this reveals that the 
true audible distortion and noise level 
is closer to 0.00025% — an astonish- 
ingly low figure. 

Fig.3 shows the frequency response 
with the tone control at either extreme, 
and switched out (the blue curve). This 
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demonstrates that when you’re not 
using the tone controls, the frequency 
response is very flat. You can barely 
see the deviation on this plot; zoom- 
ing in, we can see that the response 
is down only 0.2dB at 20Hz and less 
than 0.1dB at 20kHz. 

Fig.4 shows the coupling between 
channels, which is typically less than 
-80dB, and the coupling between adja- 
cent inputs, typically around -100dB. 
So isolation between channels and in- 
puts is very good. The signal-to-noise 
ratio figure is especially good; over 
120dB with a 2.2V RMS input signal 
(typical for CD/DVD/Blu-ray players), 
the tone controls switched out and the 
volume pot at unity gain. 

In summary, you can be confident 
when using this preamp that it will not 
negatively affect the audio signals pass- 
ing through it, regardless of whether 
you are using the tone controls. 


Capacitor and 
potentiometer selection 


We mentioned earlier that we’re us- 
ing linear capacitor types where that’s 
important, and also keeping resistance 
values low to minimise thermal noise. 

For capacitors between 10nF and 
100nF, we have specified MKT poly- 
ester (plastic dielectric) types. While 
polyester is not quite as linear as poly- 
propylene or polystyrene dielectrics, 
none of those capacitors are critical 
enough to cause a measurable increase 
in distortion, as demonstrated by our 
performance graphs. 
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Fig.3: the blue line shows the preamp’s frequency response 
with the tone controls switched out, and you can see that 
it’s very flat, varying by only 0.2dB across the entire audible 
frequency range. The red and green curves demonstrate the 
range possible of bass and treble adjustments. 
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Fig.4: the crosstalk and separation figures are good. 
Crosstalk is how much of the left channel signal 
feeds into the right channel or vice versa. Channel 
separation is how much signal from input #1 couples 
into input #2 or vice versa. 


But there are some capacitors with 
values below 1nF where the dielectric 
is important and this presents us with 
some difficulty, since MKT capacitors 
with values below 1nF are not particu- 
larly easy to get. 

However, we’ve found them (see 
parts list) and that is what we have 
used in our prototype, with good 
result. 

If you can get MKP (polypropylene) 
capacitors instead, those will certainly 
work well and we would encourage 
that. But we have also mentioned the 
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possibility of using NPO ceramics. We 
have tested these in the past and found 
that they are just as good as the best 
plastic dielectrics in situations where 
linearity is critical. 

But be careful because many ceram- 
ic capacitors are not NPO (also known 
as COG) types, especially values above 
100pF. Fig.5 shows a distortion plot 
for a simple low-pass filter comparing 
two capacitors of the same value, one 
polypropylene and one ceramic (not 
NPO/COG). As you can see, the ceramic 
capacitor produces a lot more distor- 


THD+N vs Frequency, 20Hz-80kHz BW, 1.5V in/out 


tion. So make sure you use one of the 
types specified. 

Regarding resistance, you may find 
it a bit strange that we have specified 
a 5kQ volume control potentiometer 
as values in the range of 10kQ-100kQ 
are more commonly used. But we have 
chosen 5kQ because the thermal noise 
contribution of the volume control 
pot can be a major limiting factor in 
the performance of a low-distortion 
preamplifier and suitable motorised 
pots are available. 

Op amps IC1a & IC2a buffer the 
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Fig.5: distortion versus frequency of a simple low-pass 
filter using either a 470pF MKT capacitor or a 470pF 
ceramic (non-NP0/C0G) capacitor. As you can see, 
distortion rises dramatically at higher frequencies with 
the ceramic capacitor due to its non-linearity and its 
lower impedance at higher frequencies, which causes it to 


shunt more of the signal and thus have a stronger effect. 
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Fig.6: if you must use a 20kQ motorised potentiometer 
to build this preamp, fitting the two extra 4.7kQ 
resistors (R1 & R2) will keep high-frequency distortion 
low, by lowering the input impedance seen by the 
following buffer stage. This allows it to perform 
optimally and also lowers thermal noise. 
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LOW NOISE PREAMP WITH TONE CONTROLS & REMOTE VOLUME CONTROL 


signal from the source so that it does 
not have to drive the 5kQ impedance; 
the op amps are more than capable of 
driving such a load without increased 
distortion. 

If you can’t get the 5kQ motorised 
pot (available from Altronics; see parts 
list), you can use a 20kQ pot instead; 
also a pretty standard value. 

In that case, we have made provi- 
sion for two 4.7kQ shunt resistors 
to lower the impedance seen by the 
following stage, giving you most of 
the performance benefits of a 5kQ 
pot. These have minimal effect on the 
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pot curve, so it still works well as a 
volume control. 

Fig.6 shows the difference in distor- 
tion with and without these shunts 
(the signal level is lower here than 
in the other figures, hence the higher 
base level). The performance with the 
proper 5kQ pot is slightly better again. 


Remote control 

Pressing the Volume Up or Volume 
Down buttons on the infrared remote 
causes the motorised pot to rotate 
clockwise or anticlockwise. It takes 
about nine seconds for the pot to travel 
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from one end to the other using these 
controls. 

For finer adjustment, the Channel 
Up and Channel Down buttons on 
the remote can be used instead. These 
cause the pot shaft to rotate about one 
degree each time one of these buttons 
is briefly pressed. Holding one of these 
buttons down rotates the pot from one 
end to the other in about 28 seconds. 

If any of these buttons is held down 
when the pot reaches an end stop, a 
clutch in the motor’s gearbox begins 
to slip so that no damage is done to 
the motor. 
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Fig.7: here’s the circuit diagram for the main preamplifier PCB, incorporating the volume and tone controls and tone 
switching (at the top) and the infrared remote volume control and input switching circuitry (at bottom). The analog 
signal path is built around dual low-noise op amps IC1-IC4 and motorised potentiometer VR1. The volume control and 
input selection circuity is based on microcontroller IC5, motor driver transistors Q1-Q4 and infrared receiver IRD1. 


The code also provides a convenient 
automatic muting feature. Press the 
Mute button on the remote and the 
volume control pot automatically 
rotates to its minimum position and 
the motor stops. Hit the button again 
and it returns to its original position. 
If you don’t want the pot to return all 
the way to its original setting, you can 
simply increase the volume to your 
desired new level instead. 

So how does the unit remember its 
original setting during muting? The 
answer is that the microcontroller 
monitors the time it takes for the pot 
to reach its minimum setting and the 
minimum pot setting is detected when 
the load on the motor increases at the 
potentiometer end stop, as the clutch 
begins to slip. 

When the Mute button is pressed 
again, power is applied to the motor 
drive for the same amount of time, 
rotating it back to the original position. 

The orange “Ack” LED flashes 
whenever an infrared signal is being 
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received from the remote, while the 
yellow Mute LED flashes while the 
muting operation is in progress and 
then remains on when the pot reaches 
its minimum setting. 


Circuit description 


Fig.7 shows the main preamplifier 
circuit but only the left channel 
components are shown, for clarity. 
The right channel is identical and 
the matching part designators are 
provided, in brackets. The following 
description refers to the left-channel 
part names. 

The audio signal from the Input 
Switching board is AC-coupled to the 
input of the first op amp (IC1a) via a 
22uF non-polarised (NP) electrolytic 
capacitor and 100Q resistor. A 22kQ 
resistor to ground provides input DG 
biasing and sets the input impedance 
to around 22kQ. The 100Q resistor, 
ferrite bead and 470pF capacitor form 
a low-pass filter to attenuate radio 
frequency (RF) signals ahead of the 
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op amp input. 

IC1a operates as a voltage amplifier 
with a gain of two, due to the two 
2.2kQ feedback resistors. The 470pF 
capacitor combines with the feedback 
resistors to roll offthe top-end frequen- 
cy response, with a -3dB point at about 
150kHz. This gives a flat response over 
the audio spectrum while eliminating 
the possibility of high-frequency insta- 
bility or RF demodulation. 

IC1a’s pin 1 output is fed to the top 
of volume control potentiometer VR1a 
(5kQ log) via a 22pF non-polarised ca- 
pacitor. The signal on its wiper is then 
AC-coupled to the pin 5 non-inverting 
input of IC1b via a 4.7pF non-polarised 
capacitor. 

This coupling arrangement prevents 
direct current from flowing through 
any part of the volume control poten- 
tiometer, VR1. Even a small direct cur- 
rent can cause noise when the volume 
is adjusted. 

As mentioned earlier, the circuit was 
designed for a 5kQ motorised volume 
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control potas this results in good noise 
performance but in case you can’t get 
one, you Can use a more common 20kQ 
potentiometer and fit resistors R1 and 
R2, so that the circuitry has a similar 
impedance, resulting in the same 
overall frequency response. 

1C1b operates as a unity-gain buffer 
and provides a low-impedance output 
regardless of the volume control set- 
ting. Its pin 7 output is fed to the tone 
control section and also to switch S4a. 
When S4a is set to the ‘tone out’ posi- 
tion, the output from IC1b is coupled 
via the 22pF capacitor to output socket 
CONS, via a 100Q resistor. Therefore, 
the tone controls are effectively out 
of circuit. 

The 100Q resistor isolates the op 
amp output from any capacitive loads 
that might be connected, to ensure 
stability. This resistor and ferrite bead 
in series with the output also attenuate 
any RF noise which may have been 
picked up by the board. 


Tone controls 


When S4ais in the ‘tone in’ position, 
output CONS is instead driven from 
the tone control circuitry, so poten- 
tiometers VR2a and VR3a adjust the 
amount of bass and treble in the signal. 

Op amp IC3a forms the active tone 
control in conjunction with VR2a and 
VR3a and associated resistors and ca- 
pacitors. The bass and treble tone cir- 
cuitry is a traditional Baxandall-style 
design. This is an inverting circuit, 
so it must be inverted again by unity 
gain buffer IC3b to restore the original 
signal phase. 

When the wipers of potentiometers 
VR2a and VR3a are centred, the imped- 
ance between output pin 1 of IC3a and 
each wiper is equal to the impedance 
between the wiper and output pin 7 of 
IC1b. So in this condition, IC3a oper- 
ates as a unity gain inverting amplifier 
for all audio frequencies. Therefore, in 
this case, the tone controls have little 
effect on the signal — they just add a 
little noise. 


Bass adjustment 


The bass control (VR2a) provides cut 
(anti-clockwise) or boost (clockwise) 
to low frequencies. The impedance of 
each of the two 100nF capacitors for 
high-frequency signals is low and so 
they can bypass VR2a entirely. 

Any change in the position of VR2a’s 
wiper will thus have little effect on 
high frequencies. 
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For example, at 1kHz, the 100nF ca- 
pacitors have an impedance of 1.6kQ 
each. That is considerably lower than 
the 5kQ value of the half of the poten- 
tiometer track that they are connected 
across when VR2a is centred and 
therefore the capacitors shunt much 
of the signal around VR2a. 

But at 20Hz, the 100nF capacitors 
have an impedance of 80kQ and so 
minimal current passes through them; 
almost all of it goes through VR2a. 
Therefore VR2a has a significant effect 
on the amplitude of a 20Hz signal and 
so it provides much more boost or cut 
at lower frequencies. 

When VR2a is rotated clockwise, the 
resistance from output pin 1 of IC3a to 
its wiper increases, while the resistance 
from the wiper to the input signal de- 
creases, providing increased amplifica- 
tion. And when rotated anti-clockwise, 
the opposite occurs, decreasing ampli- 
fication. Because the capacitors shunt a 
different amount of signal around the 
pot at different frequencies, this gain 
is also frequency-dependent. 

The 1.8kQ resistors set the maxi- 
mum boost and cut range. They have 
been chosen to allow up to +15dB 
adjustments at around 20Hz, dropping 
to around +1dB at 1kHz. The measured 
frequency response with the controls 
at minimum, centred and at maximum 
is shown in Fig.3. 


Treble adjustment 


Treble control VR3a operates dif- 
ferently to VR2a. It is configured to 
have more effect on higher frequency 
signals. This is achieved by connect- 
ing capacitors in series with the pot 
channel, rather than across it. 

At low frequencies, the 15nF capaci- 
tors have a high impedance, eg, 106kOQ 
at 100Hz. This is very high compared 
to the 10kQ channel resistance and 
so most of the feedback signal at this 
frequency will flow through the bass 
network, which has a DC resistance 
of 13.6kQ and therefore a much lower 
impedance. So VR3a will have little 
effect on the gain at low frequencies. 

At high frequencies, the 15nF 
capacitors have a lower impedance, 
eg, around 1kQ at 10kHz and so the 
treble controls are effectively brought 
into circuit, providing adjustable gain 
similarly to the circuitry surrounding 
VR2a. The 1kQ resistors at each end of 
VR3a set the maximum boost or cut for 
high frequencies, up to around +15dB, 
similar to the bass control. You can see 
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this in Fig.3. 

The 12kQ and 1kQ resistors be- 
tween the bass and treble potentio- 
meter wipers minimise the inevitable 
interaction between the two controls. 

Note that while the treble potenti- 
ometer is isolated from direct current 
flow due to the 15nF capacitors in 
series, the bass potentiometer requires 
two extra 100pF capacitors. These do 
not affect the action of the bass con- 
trol; they are just there to block direct 
current flow through VR2a. This is for 
the same reason that DC is blocked for 
VR1; to prevent noise during adjust- 
ments. 

The 1MQ feedback resistor between 
pins 1 and 2 of IC3a provides DC bias 
for the pin 2 input, while the 47pF 
capacitor prevents high-frequency 
oscillation of the op amp by reducing 
the gain at ultrasonic frequencies. 

When S4a is set to the ‘tone in’ set- 
ting, the output from IC3b (reinverting 
IC3a’s signal inversion) is then fed 
to the CON3 output as mentioned 
above. Another pole of the switch 
(S4c) controls the indicator LED that 
is contained within the switch. It is 
powered from the +15V supplies via 
a 10kQ resistor and therefore receives 
about 3mA. 

Jumper link LK4 can be removed 
to prevent this LED from lighting, or 
moved into one position or the other 
to invert its function. In other words, 
LK4 selects whether the LED lights 
when the tone is in or out. Note that the 
‘tone out’ position of S4 is when the 
switch is pressed in. In other words, 
it acts like a defeat switch. 


Remote control circuitry 


The Remote Control circuitry is 
also shown in Fig.7. Signals from the 
handheld remote are picked up by 
infrared receiver IRD1. This is a com- 
plete infrared detector and processor. 
It picks up the 38kHz pulsed infrared 
signal from the remote and amplifies 
it to a constant level. This is then fed 
to a 38kHz bandpass filter, after which 
it is demodulated to produce a serial 
data burst at its pin 1 output. 

The resulting digital data then 
goes to the RBO digital input (pin 6) 
of PIC16F88-I/P microcontroller IC5 
for decoding. Depending on the but- 
ton pressed on the remote, IC5 either 
drives the volume control motor (via 
an external transistor circuit) to change 
the volume, or sends one of its RB6, 
RB7 or RB5 output low to select a 
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4 variety of 
infrared remote 
controls can be 
used to control the 
preamplifier: this one 
came from Altronics. 


new input. 

The input routing is controlled by 
the Input Selector board which is 
connected via CON7. 

IC5 is programmed for a remote con- 
trol which sends Philips RC5 codes. 
It supports three different sets of RC5 
codes, normally referred to as TV, 
SAT1 or SAT2. You must also program 
the universal remote control with the 
correct number for one of these sets of 
code. We will explain how to do that 
next month. You also need to set IC5 
to expect the correct set of codes; we 
will also describe that next month. 


Driving the pot motor 


IC5’s RB1-RB4 outputs (pins 7-10) 
drive the bases of transistors Q1-Q4 
via 1kQ resistors. These transistors are 
arranged in an H-Bridge configuration 
and control the motor. The motor is 
off when the RB1-RB4 outputs are all 
high. In that state, RB3 and RB4 turn 
PNP transistors Q1 and Q3 off, while 
RB1 & RB2 turn NPN transistors Q2 
and Q4 on. 

As a result, both terminals of the 
motor are pulled low and so no current 
flows through it and it won’t rotate. 

The emitters of Q2 and Q4 both 
connect to ground via a common 
10Q resistor, which is used for motor 
current sensing. The transistors oper- 
ate in pairs so that the motor can be 
driven in either direction to rotate the 
potentiometer either way, to increase 
or decrease the volume. 

To drive the motor clockwise, RB2 
goes low and turns off transistor Q2, 
while RB3 goes low and turns on Q1. 
When that happens, the left-hand ter- 
minal of the motor is pulled to +5V via 
Q1, while the right-hand terminal is 
pulled low via Q4. As aresult, current 
flows through Q1, through the motor 
and then via Q4 and the 10 resistor 
to ground. 
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Conversely, to turn the motor in 
the other direction, Q1 and Q4 are 
switched off and Q2 and Q3 are 
switched on. As a result, the right- 
hand motor terminal is now pulled 
to +5V via Q3, while the left-hand 
terminal is pulled low via Q2. 

Regardless of the direction of 
rotation, current flows through the 
10Q shared emitter resistor and so 
the voltage across it varies with the 
current drawn. Typically, the motor 
draws about 40mA when driving the 
potentiometer but this rises to over 
50mA when the clutch is slipping. As 
a result, there is about 0.4-0.5V drop 
across the 10Q resistor. 

This is ideal because the motor 
is rated at 4.5V and the result of 
subtracting the resistor voltage from 
the 5V supply is that it provides the 
correct motor voltage. 


Current sensing & muting 


Once the potentiometer has reached 
full travel in either direction, a clutch 
in the motor’s gearbox begins to slip. 
This prevents the motor from stalling 
and possibly overheating if the button 
on the remote continues to be held 
down. The clutch mechanism also 
allows the user to rotate the pot shaft 
manually. 

As mentioned earlier, when you 
press the mute button on the remote 
control, the volume control is rotated 
fully anti-clockwise. Microcontroller 
IC5 detects when the wiper reaches 
its end stop by detecting the increase 
in the motor current when the limit 
is reached and the clutch slips. That’s 
done by taking a sample portion of the 
voltage across the 10Q resistor using 
trimpot VR4. 

The voltage at VR4’s wiper is fil- 
tered using an 18kQ resistor and a 
100nF capacitor to remove the motor 
commutator hash and is applied to 
1C5’s analog AN3 input (pin 2). IC3 
then measures the voltage on AN3 to 
a resolution of 10 bits, or about 5mV 
(5V + 229). 

Provided this input is below 200mV, 
the PIC microcontroller allows the mo- 
tor to run. However, as soon as the volt- 
age rises above this 200mV limit, the 
motor is stopped. When the motor is 
running normally, the current through 
itis about 40mA, which produces 0.4V 
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across the 10Q resistor. VR4 attenuates 
this voltage and is adjusted so that the 
voltage at AN3 is slightly below the 
200mV limit. 

Note that the AN3 input is monitored 
only during the muting operation. At 
other times, when the volume is being 
set by the Up or Down buttons on 
the remote, the clutch in the motor’s 
gearbox assembly slips when the po- 
tentiometer reaches its clockwise or 
anticlockwise limits. 

As described previously, pressing 
the Mute button on the remote again 
after muting returns the volume 
control to its original setting, by 
driving it clockwise for the same 
amount of time that it was driven anti- 
clockwise to reach its end stop. 

This mute return feature in the soft- 
ware is enabled by leaving shorting 
link LK3 open. This allows the RA4 
input (pin 3) to be pulled to 5V by a 
10kQ resistor. Installing the jumper 
shunt at LK3 will pull RA4 to ground, 
disabling the mute return feature. 


Status LEDs 


LEDs1-3 indicate the status of the 
circuit. The blue Power LED (LED1) 
lights whenever power is applied to 
the circuit. The other two LEDs, Ac- 
knowledge (LED2) and Mute (LED3) 
light when their respective RA2 and 
RA1 outputs are driven high (ie, to 
+5V). LED2 indicates that an infrared 
command was received and LED3 
lights when the mute function is ac- 
tive. 

Pins 15 & 16 of IC5 connect to the 
oscillator which drive 4MHz crystal 
X1, providing the microcontroller sys- 
tem clock. This oscillator runs when 
the circuit is first powered up for about 
1.5 seconds. It also runs whenever 
an infrared signal is received at RBO 
or when a button on the front panel 
switch board is pressed and then for 
a further 1.5 seconds after the signal 
ceases. 

The oscillator then shuts down and 
the processor goes into sleep mode, as 
long as a muting operation is not in 
process. This ensures that no noise 
is radiated into the sensitive audio 
circuitry when the remote control 
circuit is not being used. 

A10nF capacitor connected directly 
across the motor terminals also pre- 
vents commutator hash from being 
transmitted along the supply leads, 
while further filtering is provided by 
a 100nF capacitor located at the mo- 
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D1-D3: 1N4004 BC327, BC337 


TO CON7 ON PREAMP 


ULTRA LOW NOISE PREAMPLIFIER INPUT SELECTOR 


Fig.8: the circuitry of the optional module used for input switching. One of DPDT relays RLY1-RLY3 is energised at 
any given time, feeding one of the input pairs (CON11-CON13) through to CON14/CON15, which are wired to inputs 
CON1 and CONS on the main preamp board. IC4 and Q8 ensure that only one relay can be energised at a time, so the 
signal sources are not shorted to each other. 


tor output terminals on the PCB. This 
reduces the amount of noise that gets 
into the preamplifier signals when the 
volume pot motor is being driven. 


Input selection 

Digital outputs RB6, RB7 and RB5 of 
IC5 (pins 11-13) control the relays on 
the Input Selector Board. These outputs 
go low when the 1, 2 or 3 buttons on the 
remote are pressed respectively; they 
are high-impedance (set as inputs) the 
rest of the time. As shown, RB6, RB7 
and RB5 are connected to pins 1-6 of 10- 
way header socket CON7; each output 
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is connected to two pins in parallel. 

Pins 7 and 8 of CON7 are wired to 
the +5V rail while pins 9 and 10 go to 
ground. CON7 is connected to a match- 
ing header socket on the Input Selector 
Board via an IDC cable. This provides 
both the control signals and the supply 
rails to power this module. 

The Input Selector circuit is shown 
in Fig.8. It uses three 5V DPDT relays 
(RLY1- RLY3) to select one of three ste- 
reo inputs: Input 1, Input 2 or Input 3. 
The relays are driven by PNP transistors 
Q5-Q7, depending on the signals from 
the IC5 microcontroller in the Remote 
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Control circuit (and fed through from 
CON7 to CON8). 

One relay is used per stereo input 
so that the audio signal only has to 
pass through one relay. As shown, the 
incoming stereo line-level inputs are 
connected to the NO (normally open) 
contacts of each relay. When a relay 
turns on, its common (C) contacts con- 
nect to its NO contacts and the stereo 
signals are fed through to the left and 
right outputs via 100Q resistors and 
ferrite beads. 

The resistors isolate the outputs from 
the audio cable capacitance, while 
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FRONT PANEL SWITCH BOARD 


TO CON9 ON INPUT SELECTOR BOARD 


Fig.9: the circuitry on the front panel 
pushbutton switch board. LEDs 1-3 
are actually inside the pushbutton 
switches and light when the 
corresponding input is selected 


the beads and their associated 470pF 
capacitors filter any RF signals that 
may be present. 

When button 1 is pressed on the re- 
mote, pins 1 and 2 on CONB are pulled 
low (by output RB6 of IC5 in the Remote 
Control circuit). This pulls the base of 
transistor Q5 low via a 2.2kQ resistor 
and so Q5 turns on and switches on 
RLY1 to select input 1 (CON11). Simi- 
larly, RLY2 & RLY3 are switched on via 
Q6 & Q7 respectively when buttons 2 
and 3 are pressed on the remote. 

Only one relay can be on at any time. 
Pressing an input button (either on the 
remote or the switch board) switches 
the currently activated relay off before 
the newly selected relay turns on. Ifthe 
input button corresponds to the cur- 
rently selected input, then no change 
takes place. The last input selected is 
restored at power up. 

Fig.9 shows the circuitry for the 
separate front panel Pushbutton 
Switch Board. This consists of three 
momentary contact pushbuttons with 
integral blue LEDs (LEDs1-3) plus a 
14-way header socket (CON10) which 
is connected to CON9 via an IDC cable. 

One side of each switch is connected 
to ground, while the other connections 
to S1-S3 are respectively connected 
back to the RB6, RB7 & RB5 digital I/Os 
of IC5 in the Remote Control circuit. 

When a switch is pressed, it pulls 
its corresponding pin low and this 
wakes the microcontroller up, which 
then turns on the corresponding relay 
and promptly goes back to sleep again. 
The anodes of LEDs1-3 are connected 
to +5V, while their cathodes are respec- 
tively connected to the RB6, RB7 & 
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RB5 I/Os of IC5 (pins 11-13) via 2.2kQ 
current limiting resistors. 

As a result, when one of these pins 
goes low to select a new input, it lights 
the corresponding switch LED as well. 
This occurs whether the input was 
selected using the remote control or 
pressing a switch button. The cath- 
odes of the other LEDs are held high 
via 2.2kQ pull-up resistors to the +5V 
rail and are off. 

Note that the pins which are used 
to sense when buttons are pressed and 
drive the switch LEDs are the same pins 
which are used to drive the transistors 
which drive the relay coils. 

So if you press the button corre- 
sponding to the input which is already 
selected, that line is configured as an 
output but it’s already low (at ground 
potential), so pressing the button has 
no effect. 

If you press one of the other buttons, 
as mentioned earlier, that pin on IC5 
has been configured as an input and 
there are 2.2kQ pull-up resistors on 
the Input Selector board. So pulling 
that line to ground will bring that line 
low, signalling to the microcontroller 
that you wish to switch inputs, which 
will then switch off the relay selecting 
the currently active input. 


Preventing switch conflicts 


Comparator IC4 and NPN transistor 
Q8 prevent more than one relay from 
switching on if two or more input 
switches are pressed simultaneously. 
This circuit also ensures that the cur- 
rently activated relay is switched off 
if a different input button is pressed, 
before the newly selected relay is 
switched on. 

IC4 is an LM393 which is wired so 
that its non-inverting input (pin 3) 
monitors the three switch lines via 
100kQ resistors. These resistors func- 
tion as a simple DAC (digital-to-analog 
converter). If one switch line is low, the 
voltage on pin 3 of IC1 is 3.3V; if two 
are low (eg, iftwo switches are pressed 
simultaneously), pin 3 is at 1.67V; and 
if all three lines are low, pin 3 is at OV. 

This pin 3 voltage is compared to 
a 2.5V reference on IC1’s inverting 
input (pin 2), formed by a resistive 
divider across the 5V supply. So its 
pin 1 output is high only when one 
switch line is low and this turnss on 
Q8 which connects the bottom of the 
relay coils to ground. This allows the 
selected relay to turn on. 

However, iftwo or more switch lines 


Australia’s electronics magazine 


are low, 1C4’s output will be low and so 
Q8 and all the relays turn off. Similarly, 
if one switch line is already low and 
another input is selected (pulling its 
line low), IC4’s output will briefly go 
low to switch off all the relays before 
going high again (ie, when the micro 
changes the state of its RB5-RB7 out- 
puts) to allow the new relay to turn on. 


Power supply 


The Preamplifier is powered from 
+15V rails. These are typically derived 
either from two separate 15V windings 
on the main power transformer, or a 
small secondary 15-0-15 transformer 
and rectifier. 

Our Ultra-LD power supply board, 
(0119111) described in the September 
2011 issue, is suitable for use with a 
wide range of audio amplifiers but 
more importantly for this project, pro- 
vide regulated +15V and -15V outputs. 

These 15V rails are bypassed on the 
preamp board by 470pF capacitors. 
There are other capacitors connected 
across the supply rails at various points 
of the circuit which provide local by- 
passing for the op amps on the PCB. 

We use both 100nF capacitors and 
100pF capacitors to ensure low imped- 
ance at a range of frequencies. The 
capacitors connected across the full 
30V supply are rated at 35V or more. 

The 5V supply for microcontroller 
IC5 is derived from the +15V rail via 
a 22Q dropping resistor and 5V lin- 
ear regulator REG1. The 220 resistor 
reduces the dissipation in REG1 and 
provides some additional filtering, in 
combination with REG1’s 100pF input 
capacitor. The power LED, LED1, lights 
up when 5V is present and its current 
is set by a 2.7kQ series resistor. 

If you aren’t using our Ultra-LD Am- 
plifier power supply board, or another 
board which provides the required 
+15V rails, don’t worry. It’s quite easy 
to build a suitable regulated supply. 

We published a suitable design the 
in the March 2011 issue, titled “Uni- 
versal Voltage Regulator” (siliconchip. 
com.au/Article/930) which is available 
as a Jaycar kit (Cat KC5463). 

Our May 2015 4-Output Universal 
Voltage Regulator can also be used. It 
has adjustable outputs which can be set 
for +15V, plus 5V and 3.3V outputs that 
could be used to power other circuitry 
in your preamp/amplifier. 

All the PCBs mentioned available 
from the SILICON CHIP ONLINE SHOP 
and the other parts required are easy 
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Fig.10: use this PCB overlay diagram as a guide when building the main preamp board. Don’t forget to cut the pot shafts to 
length before soldering them. You will also need to remove some of the passivation layer from the top of VR2 and VR3 to 
allow you to solder the GND wire to Earth the pot bodies. Bend the leads of LED1-LED3 and IRD1 to suit your case, so that 
the LEDs protrude through the front of the case. You can make a hole for infrared light to reach IRD1 at the same level and 
cover it with a small piece of perspex to prevent dust ingress. See the parts list for details on the red capacitors. 
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Parts list - 2019 Ultra Low Distortion Preamplifier with Tone Controls 


Main module 

1 double-sided PCB, code 01111119, 216 x 66mm 

1 universal remote control [Altronics A1012 or similar] 

1 dual-gang 5kQ log motorised potentiometer (VR1) 
[Altronics R1998] (a 20kQ. log pot can be substituted) 

2 dual-gang 10kQ. linear 16mm potentiometers (VR2,VR3) 
[Altronics R2296] 

1 1kQ mini horizontal trimpot (VR4) 

3 knobs to suit VR1-VR3 

1 4PDT push-on, push-off switch (S4) [Altronics $1451] 

4 8-pin DIL IC sockets (for IC1-IC4) 

1 18-pin DIL IC socket (for 1C5) 

4 ferrite beads (FB1-FB4) [Altronics L5250A, Jaycar LF-1250] 

1 4MHz crystal (X1) 

2 vertical PCB-mount RCA sockets, white (CON1,CON3) 
[Altronics P0131] 

2 vertical PCB-mount RCA sockets, red (CON2,CON4) 
[Altronics P0132] 

1 3-way PCB-mount terminal block, 5.08mm pitch (CONS) 

1 2-way vertical polarised header, 2.54mm pitch (CON6) 
[Altronics P5492, Jaycar HM-3412] 

1 2-way polarised header plug (for CON6) [Jaycar HM-3402, 
Altronics P5472 & P5470A] 

1 10-pin PCB-mount IDC vertical box header (CON7) 
[Altronics P5010, Jaycar PP-1100] 

1 2-way SIL pin header (LK3) 

1 3-way SIL pin header (LK4) 

2 jumper shunts (LK3,LK4) 

1 6.35mm chassis-mount single spade connector 

4 12mm long M3 tapped Nylon spacers 

1 M4 x 10mm panhead machine screw 

1 M4 hex nut 

1 M4 star washer 

4 M3 x 6mm panhead machine screws 

2 100mm cable ties 

1 150mm length of light-duty figure-8 hookup wire 

150mm length of 0.7mm diameter tinned copper wire 

1 PC stake 


Semiconductors 

4 NE5532AP or LM833P dual op amps (IC1-IC4) 

1 PIC16F88-I/P microcontroller programmed with 0111111A. 
hex (IC5) 

1 infrared receiver module (IRD1) [Altronics 21611A, Jaycar 
ZD1952] 

1 7805CV 5V regulator (REG1) 

2 BC327 PNP transistors (Q1,Q3) 

2 BC337 NPN transistors (Q2,04) 

1 3mm blue LED (LED1) 

1 3mm orange/amber LED (LED2) 

1 3mm yellow LED (LED3) 


Interconnecting cables 

1 350mm length of 14-way IDC cable 

1 250mm length of 10-way IDC cable 

2 10-pin IDC line sockets [Altronics P5310] 
2 14-pin IDC line sockets [Altronics P5314] 
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Capacitors 

2 470uF 16V PC electrolytic 

3 100pF 35V PC electrolytic 

8 100uF 16V PC electrolytic 

8 22uF small non-polarised electrolytic 

2 4.7uF small non-polarised electrolytic 

11 100nF MKT polyester 

4 15nF MKT polyester 

1 10nF MKT polyester 

4 470pF MKT polyester, MKP polypropylene or NPO ceramic 
[eg, element14 1005988] 

2 47pF MKT polyester, MKP polypropylene or NPO ceramic 
[eg, element14 1519289] 

2 22pF ceramic 


Resistors (all 0.25W, 1% metal film) 

21MQ 6100kKQ 222kKQ 118kQ 212kO 
310kKQ 12.7kKQ 82.2kKQ 41.8kQ 101kQ 
23300 71000 1220 3100 


Input Switching module 

1 PCB, code 01111112, 109.5 x94.5mm 

3 DPDT 5V relays, PCB-mount (RLY1-RLY3) [Altronics $4147] 

3 PCB-mount vertical stacked dual RCA sockets 
(CON11-CON13) [Altronics P0212] 

1 vertical PCB-mount RCA socket, white (CON14) 
[Altronics P0131] 

1 vertical PCB-mount RCA socket, red (CON15) 
[Altronics P0132] 

1 10-pin PCB-mount IDC vertical box header (CON8) 
[Altronics P5010, Jaycar PP1100] 

1 14-pin PCB-mount IDC vertical box header (CON9) 
[Altronics P5014] 

2 ferrite beads [Altronics L5250A, Jaycar LF1250] 

412mm long M3 tapped Nylon spacers 

4 M3 x 6mm panhead machine screws 


Semiconductors 
1 LM393P comparator (IC4) 
3 BC327 PNP transistors (Q5-Q7) 


= 1BC337 NPN transistor (Q8) 


3 1N4004 diodes (D1-D3) 


Capacitors 

2 10uF 16V electrolytic 

2 100nF MKT polyester 

2 470pF MKT polyester, MKP polypropylene or NPO ceramic 
[eg, element14 1005988] 


Resistors (all 0.25W, 1% metal film) 


3 100kQ 2 10kQ 112.2kQ 61000 


Front Panel Pushbutton module 

1 PCB, code 01111113, 66 x 24.5m 

1 14-pin PCB-mount IDC vertical box header (CON10) 
[Altronics P5014 

3 PCB-mount pushbutton switches with blue LEDs ($1-S3) 
[Altronics $1173, Jaycar SP0622] 

4 6.3mm long M3 tapped Nylon spacer 

4 M3 x 6mm panhead machine screws 
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to obtain from your favourite electron- 
ics retailer. 


Construction 


Fig.10 shows the assembly details 
for the main Preamplifier module. It is 
built on a PCB coded 01111119 which 
measures 216 x 66mm. 

Begin by installing the resistors (use 
your DMM to check the values), fol- 
lowed by the four ferrite beads. Each 
bead is installed by feeding a resistor 
lead off-cut through it and then bend- 
ing the leads to fit through their holes 
in the PCB. Push each bead all the way 
down so that it sits flush against the 
PCB before soldering its leads. 

Following this, install the IC sockets 
for the five ICs. Make sure that each 
socket is seated flush against the PCB 
and that it is orientated correctly, as 
shown in Fig.10. Note that IC5 faces in 
the opposite direction to the op amp 
ICs (IC1-IC4). It’s best to solder two 
diagonally opposite pins of a socket 
first and then check that it sits flush 
with the board before soldering the 
remaining pins. 

The MKT and ceramic capacitors can 
now go in, followed by the electrolytic 
capacitors (regular and non-polarised). 
The electrolytic capacitors must be 
oriented with the correct polarity, ie, 
with the longer lead through the pad 
marked with a “+” symbol. The 100nF 
capacitors that are marked on the over- 
lay and PCB with 35V must be rated at 
35V or higher. 

If you use ceramic 470pF or 47pF 
capacitors, make sure they are the 
specified NPO (or the equivalent COG) 
type. Using other types of ceramic ca- 
pacitors in these positions will degrade 
the distortion performance. 

The next step is to install the four 
transistors (Q1-Q4) in the remote control 
section. Be sure to use the correct type 
at each location. Q1 and Q3 are both 
BC327s, while Q2 and Q4 are BC337s. 

The PC stake (near VR3), 2-way SIL 
pin header for LK3 and 3-way SIL 
header for LK4 can now be installed, 
followed by polarised pin header 
CON6 and box header CON7. Crystal 
X1, trimpot VR4, the 3-way screw 
terminal block (CON5) and the four 
vertical RCA sockets (CON1-CON4) 
can then be fitted. 

Ensure the terminal block wire entry 
holes face the nearest edge of the PCB. 
Use white RCA sockets for the left 
channel input and output positions 
and red for the right channel positions. 
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Switch S4 can be mounted now. 
Take care that all the pins are straight 
before attempting to insert them into 
the PCB. Press the switch fully down 
onto the PCB before soldering each pin. 
Also fit REG1, taking care to orientate 
this correctly. 


Mounting the pots 


Before mounting the potentiometers, 
the shafts should be cut to length. The 
length depends upon the knobs and the 
type of box that the preamplifier is to 
be mounted into. The thickness of the 
front panel will have an impact on the 
required shaft length. 

Make sure the motorised pot (VR1) 
is seated correctly against the PCB be- 
fore soldering its leads. Once the pot 
fits correctly, solder two diagonally 
opposite pot terminals and check that 
everything is correct before soldering 
the rest. The two gearbox cover lugs 
can then be soldered. 

That done, connect the figure-8 wire 
to the motor terminals along with the 
10nF capacitor that also connects to 
these terminals. 

These leads pass through a hole 
in the board immediately behind the 
motor. They are then secured to the 
underside of the PCB using cable ties 
and then brought up to the top side of 
the PCB just behind CON6. 

Strip the wire ends and crimp them 
to the header pins. The wire from the 
positive motor terminal (marked with 
ared dot) should connect to the CON6 
pin that is closer to IC5. Insert the pins 
into the 2-way shell and plug it into 
the CON6 header. 

Before fitting VR2 and VR3, scrape 
off some of the coating on the top of 
the pot body using a file so that they 
can be soldered to. Don’t breathe in the 
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Resistor Colour Codes (all three PCBs) 


orange orange brown brown orange orange black black brown 


OQ 2 brown black green brown 
Q 9 100kQ brown black yellow brown 
Qo 2 22kQ red red orange brown 

Q 1 18kQ brown grey orange brown 
Q 2 12kQ brown red orange brown 
Q 5 10kQ brown black orange brown 
Q 1 2.7kQ red violet red brown 

O 19 2.2kQ red red red brown 

Q 4 1.8kQ brown grey red brown 

Q 10 1kQ brown black red brown 

Q 2 33002 

Q 13 100Q brown black brown brown 
hi~ 1-220 red red black brown 

Q 3 brown black black brown 


resulting dust. 

VR2 and VR3 must be seated cor- 
rectly before being soldered to the 
board. They are then earthed using 
0.7mm diameter tinned copper wire 
soldered to the GND PCB stake and the 
top metal shield on both pots. Make 
sure that you apply sufficient heat for 
the solder to form a good joint. 


Mounting the LEDs and IRD1 

We mounted the infrared receiver 
IRD1 with its lens about 18mm above 
the PCB. Similarly, the LEDs were 
mounted with the base of the LED body 
18mm above the PCB. This will allow 
sufficient length for the LED leads to 
be bent forward, to line up with the 
potentiometer shafts, and then poke 
forward through the front panel of the 
amplifier. 

When bending the LED leads, keep 
in mind that the longer (anode) leads 
must go into the pads marked “A” on 
the PCB. IRD1 should be fitted with its 
hemispherical lens facing towards the 
front of the board. 

The assembly can now be completed 
by installing the spade connector to the 
left of the motorised pot. It is secured 
with an M4 screw, shake-proof washer 
and nut. 

Leave the ICs out of their sockets 
for now. They are installed later, after 
the power supply checks have been 
completed. 


Conclusion 

Next month, we’ll describe the Input 
Selector module and Switch Board as- 
semblies and detail the test procedure. 

We’ll also have more details on 
the power supply arrangement and 
describe how the remote control is 
set up. se 


5-Band Code (1%) 
brown black black yellow brown 
brown black black orange brown 
red red black red brown 

brown grey black red brown 
brown red black red brown 
brown black black red brown 
red violet black brown brown 
red red black brown brown 
brown grey black brown brown 
brown black black brown brown 


brown black black black brown 
red red black gold brown 
brown black black gold brown 
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RayMing does much more than manufacture PCBs - they assemble them too! 


RayMing is a PCB Manufacturer 
with ten year’s exerience. In addition, 
RayMing can also provide one-stop 
PCB manufacturing and PCB assembly. 

Based in Shenzen, China, RayMing 
has two types of PCB assembly servic- 
es: full and partial turn-key services. 

Full Turn-Key covers all aspects of 
PCB fabrication and assembly, from 
manufacture of PCBs, parts procure- 
ment, quality inspections through to 
final PCB assembly. 

In Partial Turn-Key, the customer 
is responsible for supplying the PCBs 
and a partial list of parts. RayMing 
will order the remaining parts and 
perform the assembly according to the 
customer’s requirements. 


4-digit displays _ 7 
have many uses AJ 

Manufac- 
tured by Aky- 
tec, the ITP11 
4-digit, 7-seg- 
ment LED dis- 
play is designed to be connected to any 
pressure, temperature or other transmitter 
with a 4-20mA output. 

Measuring 24 x 48mm, it requires no 
auxiliary power, being supplied directly 
from the current loop. 

The measured values are scalable and 
there is also an optional square root func- 
tion for flow applications. 

Unlike displays from other manufactur- 
ers that require a rectangular hole cut in 
the cabinet or enclosure to mount it, the 
ITP11’s compact, standardised design 
fits into a standard 22.5mm borehole for 
signal lamps. 

This provides quick and easy installation 
and many displays can be accommodated 
in a control cabinet door or on a panel. 

The display is available in red or green 
and it can be programmed to flash if the 
level reaches an alarm state. 

Other LED display models from Akytec 
feature voltage, RTD, thermocouple and 
Modbus inputs. 


Contact: 
Ocean Controls 

44 Frankston Gardens Dve, Carrum Downs, 3201 
Tel: (03) 9708 3290 

Website: oceancontrols.com.au 
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Do co ee) 
They can also kit the parts. 

RayMing Technology uses a variety 
of testing methodologies to ensure the 
assembled boards are functional prior 
to shipping, with ISO 9001 Quality 
Certification. 


400GbE OSFP I/O 
connectors now at Mouser 


Mouser Elec- 
tronics, Inc., is 
now stocking 
OSFP input/ 
output (I/O) 
connectors 
from TE Connectivity (TE). 

TE’s next-generation octal small 
form-factor pluggable (OSFP) con- 
nectors are designed for maximum 
thermal and electrical perfor- 
mance in data center applications. 

TE’s OSFP connectors deliver 
400 Gigabit Ethernet (400GbE) 
speeds over eight electrical lanes to 
support equipment that operates at 
up to 56 gigabits per second (Gbps) 
PAM-4 and 28Gbps NRZ. 

The SMT connectors offer a 
60-position interface with a two- 
row design on a proven 0.6mm 
contact pitch. Offering low PCB 
cost and noise, the SMT connectors 
are belly-to-belly capable with in- 
ground alignment. 

OSFP cage assemblies feature a 
flat rock PCB assembly and sup- 
port 1x1 and 1x4 single-port and 
multi-port applications. 


Contact: 
Mouser Electronics 


Web: www.mouser.com/te-osfp-io- 
connectors 
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The methods include: 

1. Basic Quality Test — visual in- 
spection. 

2. X-ray Inspection — tests for BGAs, 
QFN and bare PCBs. 

3. AOI Checks — tests for solder 
paste, 0201 components, missing 
components and polarity. 

4. ICT (In-Circuit Test) / Functional 
test — according to the customer’s test- 
ing procedures. 

There’s much more information on 
RayMing’s website. 


Contact: 
RayMing Technology 
Robotics Indust. Park, Fuyong, Shenzen, China 
Tel: 0011 86 755 2734 8087 


Web: www.raypcb.com 
Microchip’s 
development 
kit for 

Amazon AVS 


Voice control is in- § 
creasingly becoming * ' 
a preferred way for consumers to interact 
with electronics. 

Microchip Technology Inc., via its Micro- 
semi Corporation subsidiary, has introduced 
AcuEdge ZLK38AVS Development Kit for 
Amazon Alexa Voice Service (AVS) to help 
designers build devices with one-mic hands- 
free and two (180° linear) or three-mic (180° 
linear or 360° triangular) far-field configura- 
tions qualified by Amazon. 

It includes the ZL38063 audio processor 
which connects directly to a Raspberry Pi 
3B with plastics and mounting hardware 
to simulate a typical, recommended end- 
application mic-speaker arrangement. 

The field-programmable, field-upgradable 
solution features signal processing algo- 
rithms proven to improve both local trigger 
detection performance and cloud speech 
recognition accuracy. 

The multi-micro-phone configurations 
include Direction of Arrival (DOA) estimation 
to indicate where the primary voice sound 
source is located. 


Contact: 
Microchip Technology Inc 

Unit 32, 41 Rawson St Epping NSW 2121 
Tel: (02) 9868 6733 


Website: www.microchip.com 
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BUILD-IT-YOURSELF 


DART ae 


Digital Audio Broadcastin 


DAB+/FM/AM radio, after follow- 

ing the instructions in the article 
last month, you will have a completed 
Explore 100 module and digital radio 
board. 

We now need to put those together 
and into a case, and load all the 
required software to get it up and 
running. 

While you’re reading this article, be 
sure to check out the updated screen 
grabs, as the software is now complete 
and it looks much better than the ‘work 
in progress’ interface shown in the last 
couple of articles. 


[ you’re building our fantastic new 


Final assembly 


The following instructions assume 
that you are building the radio into 
our custom-designed laser-cut acrylic 
case. 

If you are not, the general assembly 
of the ‘stack’ will be much the same, 
but you will be omitting the acrylic 
parts. The case arrangement is shown 
in Fig.3. 

You might think that it would be a 
good idea to test the whole stack be- 
fore completely assembling it, but we 
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found that it needs to be held rigidly 
together to ensure that all the connec- 
tions between the boards are good. 

So we suggest that you put it all 
together before testing and program- 
ming it. It isn’t difficult to get apart if 
you run into problems later. 

Start with the front acrylic piece, 
with the large cutout for the LCD 
screen. Put an M3 x 32mm machine 
screw through each corner hole and 
secure them to the panel with M3 
Nylon nuts. 

The panel is not symmetrical; the 
small cutout for the touch panel ca- 
ble is the most obvious indicator. So 
check that the screws are the correct 
way around relative to the LCD panel 
before securing them with the nuts. 

Feed the 5-inch touchscreen as- 
sembly over the machine screw shafts 
so that its front sits nearly flush with 
the front of the acrylic front panel. 
Attach it to the front panel by thread- 
ing 12mm tapped spacers over the 
machine screws. 

Now feed the assembled Micromite 
Plus Explore 100 module over the over 
the machine screw shafts, ensuring 
that the header on the touchscreen 
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FM, 
ARS 


and a 


using an Explore100 


The DAB+/FM/AM Radio is 
complete. In our last exciting 


episode, we-haceftthe heroine 
tied tothe railread tracks 


(woops, sorry, wrong episode) 
we had just finished assembling 
the radio PCB, leaving us with 
quite the cliffhanger! 


< Part 3: By Duraid Madina and Tim Blythman 


board seats into the header on the 
Micromite board. The Explore 100 
module is then secured by four 9mm 
tapped spacers over the screw shafts. 

Next, fit the 15mm tapped spacers 
over the remaining stubs of the ma- 
chine screws. 

You may have noticed that you have 
a spare 20x2 female header socket with 
long pins (it was in parts list). This is 
used to bridge the gap between the 
Micromite board and the radio PCB. 

We've seen a few versions of these 
with different lengths, so you may find 
you need to trim the pins, or you might 
even be able to replace CONS entirely 
and solder the header with long pins 
directly to the radio PCB. 

However, we do not recommend 
that you try to de-solder CONS if you 
have already fitted it to the board, since 
you're likely to damage the board in 
the process. In that case, you’re better 
off using the intermediate header, as 
we did. 

The radio PCB sits flush against the 
M3 x 15mm tapped spacers (24mm 
from the Micromite board), so you 
can judge at this stage how the head- 
ers between the Micromite board and 
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the radio PCB will fit. In any case, 
ensure that the connection between 
the Micromite board and the radio 
PCB is solid. 

To finish the case assembly, rest the 
partly assembled stack with the screen 
facing down (it’s a good idea to set it 
on a sheet of blank paper or a clean 
cloth to protect it). 

Slot the longer, narrow acrylic 
pieces in place. The one with the single 
squarish hole goes over the IR receiver. 
Slot it into the front panel, then tilt it 
over the IR receiver; you may need 
to gently bend the IR receiver to suit 
the hole. 

The other long, narrow acrylic piece 
goes along the opposite edge of the 
front panel, with the cutouts matching 
the small three-pin header for the se- 
rial port (to program the Explore 100) 
and the microSD card socket (to load 
the Si4689 firmware). With these two 
panels in place, the two side panels 
can now be fitted. 

The side panel with four round 
holes is for the side with the RCA 
sockets. Slot the tabs in the front panel, 
then tilt into place over the side tabs. 
The RCA sockets protrude, so it will be 
difficult to get this on the wrong way. 


15mm 


M3 x 25mm screw 


VHF antenna socket 


Case side panels 


AM loop 
antenna socket 


Speaker terminals 


Case rear panel 


M3 x 25mm screw 


Case bottom panel 


Radio 40-pin Long pin 40-pin 
tapped spacer PCB socket socket header 


SAAN ANT SN A D 


TETOR > 


LCD PCB 
Case top panel 


<— Case front panel 
M3 Nylon nut 


M3 x 32mm screw 


Touchscreen LCD panel 


mini USB 


M3 x 32mm screw 


M3 Nylon nut 


LER 


Explore 100 PCB Access hole 


Serial header 


Fig.3: this shows how the three PCBs (LCD, Explore 100 & Radio) are 


joined using tapped spacers and pin headers. The top, bottom and sides 


The remaining smakt i of the case are sandwiched in between the front and rear panels, which 


the other side. Similarly, the antenna 


socket protrudes, so slot the panel into 
the front and tilt up to engage the tabs 
in the adjacent panels. 

At this stage, you’ll have a large 
piece of acrylic, four 25mm-long 
machine screws and four 15mm-long 
tapped spacers left. You’ll also note 
that the large piece of acrylic has a 
long slot on one side and two short 
slots along the opposite edge; these 
align with the tabs on the back of the 
side panels. 

While appearing symmetrical, the 
back panel is not. The long slot goes 
on the side near the RCA connectors 
(and is needed due to their location in 
that side panel). 

Thread the 25mm machine screws 
through the mounting holes in this 
rear panel and fit the 15mm tapped 
spacers to their threads. Tighten the 
spacers until they are almost, but 
not quite tight; we need the machine 
screws to be able to rotate to complete 
the last step. 

Finally, line up the back panel by 
placing its machine screws into the 
holes in the corner of the radio PCB, 
and tighten them up, ensuring that the 
tabs are correctly captured in the slots. 
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are held rigidly together by the whole stack. 


At this stage, the external telescopic 
antenna and AM loop antenna can 
be attached, and a set of headphones 
or other means of testing the audio 
plugged in. 


Loading the software 


The first step for installing the ra- 
dio software and firmware is to load 
MMBasic onto your PIC32 chip (if it 
isn’t pre-loaded) and then load the 
radio’s BASIC source code into it. 

The software for this project is 
available for download from the 
SILICON CHIP website. The ZIP package 
includes the BASIC source code, two 
HEX files and the Si4689 firmware file. 

Most constructors will already have 
the Micromite firmware installed 
on the PIC32 in the Micromite Plus 
Explore 100 module, as they will 
be building it from a kit with a pre- 
programmed chip. 

If instead you have a blank PIC32 
and need to load MMBasic yourself, 
you will need a PICkit 3, PICkit 4 or 
Microbridge (described in May 2017; 


siliconchip.com.au/Article/10648). 
The August 2016 article on the 
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Micromite Plus has some information 
on programming the PIC32 chip with 
a PICkit, on page 68; see siliconchip. 
com.au/Article/10040 

After that, you will need to configure 
the LCD screen, touch panel and SD 
card to work as noted in this article. 
The steps to do this are listed below. 
But first, we’ll explain how to program 
a blank PIC32. 

You can upload the firmware HEX 
file to the microcontroller using the 
in-circuit serial programming (ICSP) 
header on the Explore 100 board. 
This can be done with a PICkit or 
Microbridge. 

You can either load a plain Micro- 
mite HEX file, in which case you will 
also need to load the BASIC code later, 
or use a HEX file specifically for the 
radio project which contains MMBasic 
and the radio code. 

Ifusing a PICkit, plug it into the ICSP 
header with pin 1 (arrowed) lined up 
on both plug and socket, then launch 
the Microchip MPLAB IPE software 
(included with the free MPLAB X IDE 
download). 

Connect to the PICkit and select 


MARCH 2019 43 


Changes to the final circuit and PCB 


While testing the radio, we found that we needed to make some 
minor “tweaks” to the circuit and the PCB design, which were 
presented in the January and February issues. 

You may remember from the first article that the AT25SF321 
32Mbit serial flash chip is wired both to the flash SPI interface on 
IC1, the Si4689 radio IC, and also to pins 5, 8, 10, 12, 14, 16 & 20 
on CONS, the Micromite Explore 100 interface header. 

As we explained then, while the Si4689 can read its firmware 
Straight off the flash chip via its direct interface, we need the Explore 
100 to communicate with the flash chip directly, to initially write 
the firmware into it. And we may also need to write a new firmware 
later, if an update becomes available. 

We planned to set the connected Explore 100 pins as high- 
impedance inputs after programming the flash chip, allowing the 
Si4689 complete control over the flash. 

But unfortunately, due to the high frequencies that it uses to 
communicate with the flash chip (to load the firmware quickly), 
even with the Explore 100 pins in a high-impedance state, these 
extra connections still caused problems. 

We found that the Si4689 would sometimes fail to boot or worse, 
boot a corrupted copy of the firmware and then crash when specific 
radio functions were activated. 

We tracked this down to the parasitic inductance/capacitance 
of the long tracks on the Explore 100 board connecting these pins 
(the intervening connectors don’t help, either). 


The resonance and antenna-like properties of these tracks 
caused overshoot and ringing on the flash SPI lines when they 
were being driven by the Si4689, interfering with its ability to read 
the firmware data off the flash chip. 

Our solution was to insert four resistors in series with the FLSO, 
FLSI, FLCK and FLCS lines of the flash SPI bus, between IC3 and 
CONS. We placed these close to IC3, keeping the tracks between 
IC1 and IC3 short. This solved the booting problem. 

We determined that the ideal values are 2.2kQ for the data lines 
(SO and SI) and 100 for the clock (CK) and chip select (CS) lines. 

These have been added to the final version of the PCB, close 
to IC3 and inside the radio box at upper-right. They will be pre- 
soldered to those boards which have been ordered with IC1 and 
associated parts already fitted. 

We have decided to supply the flash chips pre-programmed 
with the firmware, on those boards which are supplied with the 
chip fitted. 

In theory, those resistors could be removed once the flash chip 
is programmed, leaving flash chip IC3 only connected to the radio 
chip, IC1. However, you would then lose the ability to write a new 
firmware image to the flash chip (we're not sure if there will be 
any firmware updates in future). 

Because we program the flash chip from the Explore 100 at a 
fairly slow rate (it takes a couple of minutes to write around 2MB), 
these extra series resistors do not interfere with that process at all. 


the correct chip type (PIC32MX- 
470F512L). Load the HEX file, then 
power up the Explore 100 board and 
press the program button. 

Check the bottom of the window. 
It should tell you that the chip has 
been programmed and correctly veri- 
fied. If you got an error, check that the 
programmer is wired up correctly and 
that you don’t have any soldering or 
component errors on your Explore 
100 board. 

The process with the Microbridge is 
similar except that you use different 


Silicon Chip 
FM and DAB+ Radio 
Initializing 


AM, 


Loading bootloader for Si4689 


Screen1: at power up, the radio displays a simple 


software. See the May 2017 article 
for instructions on how to program a 
PIC32 with a HEX file using pic32prog. 


Setting up the touchscreen 

Your chip should now be pro- 
grammed with MMBasic. If you used 
the HEX file with the radio code 
included, the touchscreen will be 
configured, but you may still want to 
calibrate the touchscreen to ensure its 
touch sensing is accurate. 

If you have programmed it with 
plain MMBasic, you will also need to 


set up the LCD controller and SD card. 

These steps can all be done using 
a computer’s USB port. You can also 
use this connection to load the BA- 
SIC code, as described below. Note 
that the micro-USB connector on the 
Explore 100 CON1 (if installed) only 
supplies power, so you will need to 
use the mini-USB connector (CON2) 
for this task. 

This, in turn, requires that JP1 be 
set to provide power from CON2. You 
should also take care that no other power 
supplies are connected, as they may 
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Screen2: the main radio screen, in DAB+ mode. 204.64MHz 
is channel 9B, one of four DAB+ frequencies used in 
Australia, and WSFM is one of the channel 9B services in 


splashscreen. After initialising the digital audio transceiver 
chip, the radio feeds the bootloader code into the Si4689 
radio IC, as shown here, and it switches to the main screen 
once this chip is ready for reception. 
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Sydney. The channel text is displayed below this (it scrolls 
so you can read it all), with the reception power of 49dBpV 
shown above. The + and - buttons select different services 
while the << and >> buttons change frequency. 


siliconchip.com.au 


back-feed the computer through CON2. 

Alternatively, you can use a USB- 
Serial Module connected to the serial 
port pins (GND/TX/RX) on the Mi- 
cromite instead, with external power. 

If you are using Windows 10, macOS 
or Linux, then you should not need any 
special drivers on your PC. 

For earlier versions of Windows, 
you can download the SILICON CHIP 
USB Serial Port driver from http:// 
geoffg.net/Downloads/Maximite/ 
Silicon_Chip_USB_Serial_Port_Driv- 
er.zip or from siliconchip.com.au/ 
shop/6/930 

You will need a terminal program 
such as TeraTerm or PuTTY. Find the 
serial port of the Micromite and open 
this port with the terminal program. 
The baud rate is unimportant, as it is 
merely a virtual serial port. 

After opening the serial port, press 
enter and you should see the text 
prompt “>” appear, possibly along 
with a boot message. To set up the LCD 
screen, type the following command: 


OPTION LCDPANEL SSD1963_5, 
LANDSCAPE, 48 

OPTION SDCARD 47 

GUI TEST LCDPANEL 


You should then see coloured cir- 
cles appear on the screen. Press the 
spacebar to stop the test. Then run 
the following commands to set up and 
calibrate the touchscreen: 


OPTION TOUCH 1, 40, 39 


GUI CALIBRATE 


You only need to run the last com- 
mand above if your screen has already 
been set up. Use a stylus or similar to 
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press accurately on the targets that 
appear in each corner of the screen. 
You should get a message like “done.” 
to indicate that calibration was suc- 
cessful. If you get an error message, 
try again. 


Loading the BASIC code 


If you programmed the PIC32 with 
the HEX file that already contains the 
BASIC code, you can skip to the next 
section. Otherwise, you will need to 
load the radio code onto the Micro- 
mite chip. 

Note that the ‘uncrunched’ (ie, in- 
cluding comments and whitespace) 
version of the BASIC program is too 
large to be loaded into the Micromite’s 
flash memory, so the ‘crunched’ ver- 
sion must be used unless you are 
using a program like MMedit, which 
supports automatic crunch-on-load. 

In the terminal, type “XMODEM 
RECEIVE” and press Enter. Use the 
terminal program’s menu to send 
the BASIC file using the XMODEM 
protocol. 

In TeraTerm, this can be done by 
choosing the File Transfer -> XMO- 
DEM -> Send.. menu option and then 
selecting the file. 

After a few seconds, you should 
get a message that the program has 
been saved. 

Now type “RUN” and press Enter. 
The program will start and display 
diagnostic information in the terminal 
window, and the Micromite display 
panel should show its startup mes- 
sages too. While you might not be 
ready to use the unit just yet, this step 
ensures that the AUTORUN flag is set 
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and the program will start when power 
is applied. 

By the way, it is also possible to get 
the BASIC code onto the Micromite by 
loading it onto a microSD card, plug- 
ging it into the Explore 100 and using 
the LOAD command. 


Loading the radio firmware 


In addition to the MMBasic software 
that runs on the Micromite, providing 
the radio user interface and controlling 
the Si4689 radio IC (IC1), there is also 
software (firmware) that needs to be 
loaded into the radio IC itself. 

While it is possible to get the Ex- 
plore 100 to read this off an SD card 
and load it into IC1, that’s a slow pro- 
cess, so it is also stored on serial flash 
memory chip IC3. 

Three firmware images need to be 
loaded into IC1, one for each radio re- 
ception mode (DAB+/FM/AM). There 
is also a so-called “bootloader” image 
which is loaded directly from the Mi- 
cromite, which allows IC1 to load the 
main firmware images by itself. 

The bootloader is just 940 bytes, 
so it fits comfortably in the Micro- 
mite’s own flash memory, and since 
it’s small, it’s fast to load in this way 
(the main firmware images are around 
half a megabyte each). This 940-byte 
bootloader then loads a larger 6kB 
bootloader from the serial flash IC, 
and that is then used to load the larger 
firmware images. 

If you have purchased the kit from 
the SILICON CHIP ONLINE SHOP, your 
flash chip should already be pro- 
grammed with the necessary firmware 
images. So you just need to load the 
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Screen3: the main screen with the radio in FM mode. You 
can see that the RDS data has given us the station name 
and currently playing song. The SNR and received power 
figures are shown just below the tuning control, which is 
surrounded by the fine and coarse tuning buttons and scan 
up/down buttons. The eight channel presets are below, with 
the mute and volume control to their right. 


Screen4: in AM mode, there is no text display or station 
name; we simply show the tuned frequency, signal-to-noise 
ratio and received power figures. The Standby button 
switches the radio and screen off but leaves the micro 
powered up, so you can wake it up by touching the screen 
or pressing the power button on the remote control. 
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software into the Explore 100 (see 
below). 

If you do not have a pre-programmed 
flash chip, there is aroutine in the sup- 
plied Micromite BASIC code which 
can do this for you. 

By the way, we’re storing the 940- 
byte bootloader as binary data encap- 
sulated in a “CFUNCTION” in the 
BASIC code. 

But it isn’t really a function; it’s just 
a blob of data that we can read out of 
the micro’s flash memory and feed to 
the radio IC. 


Programming the flash chip 

If you need to program the flash IC 
with the radio IC’s firmware, this can 
be done from the unit itself, although 
it does require the firmware images to 
be placed on a microSD card, so that 
they can be copied. 

They consist of four files with .bin 
extensions (see Fig.3). Copy them to 
the root directory of a microSD card 
and plug it into the Explore 100. 

Power the radio on from a USB 
socket (so that the diagnostic serial 
data can be viewed) and allow it to 
boot. Open the serial port and press 
the Config button on the main screen. 

There is a button labelled “Write 
Flash”. Press this to start the process 
of copying the files from the microSD 
card to the flash IC. 

The “Write Flash” button will 
change to say “Writing...” and the 
process will take around five minutes. 

You should see the button change 
to “Write Done” when the process is 
complete. 

The serial port will also display the 
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Main 


Screen5: the configuration screen gives you some checkbox 
(on/off) options at upper left, LCD backlight control 
settings, a locale setting (to determine which DAB+ 
frequencies are used) plus an error log display at right 

and a button to write new firmware to the serial flash chip 


(IC3). 
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progress of the write as follows: 


erasing flash chip: 

please wait... 
flash chip erased 
writing FM radio firmware 
to flash... 
writing DAB radio firmware 
to flash... 
writing AM radio firmware 
to flash... 
writing Loader firmware 

to flash, copy 1 at 0x2000 
writing Loader firmware 

to flash, copy 2 at 0x4000 


If you see something very different or 
an error is reported, then the write has 
not completed correctly. You should 
check that the connections between 
IC1 and IC3 are correct, especially the 
four series resistors (see panel). If the 
write completes successfully, then the 
programming is complete. 


Setting up the radio 

As you can imagine, the DAB+/FM/ 
AM radio is full of features which we 
will now explain in detail. 

On power-up, a splash-screen is 
displayed while the various systems 
are initialised (Screen 1). After a few 
seconds, the main screen appears and 
the radio is ready to use (Screens 2-4). 

In the AM and FM modes, there 
is one station or program at each 
frequency. But with DAB+, multiple 
“services” (which can have multiple 
components) coexist on the same 
frequency. 

There are few frequencies used for 
DAB+ (four in Australia), so the radio 
only needs to search for services in- 


side this limited range of frequencies, 
rather than seeking across an entire 
band, as with AM or FM. 

The top half of the radio display 
(inside the large frame) is responsible 
for tuning and band control, as well as 
the selection of digital radio services. 
Some of the buttons only appear in 
certain modes; some of the tuning 
buttons do not appear in DAB+ mode, 
while the service selection buttons are 
not visible in the AM or FM modes. 


Tuning 

The buttons around the frequency 
display near the top of the screen are 
used for tuning. The “+” and “-” but- 
tons change the frequency in small 
steps, akin to fine-tuning. In AM mode, 
for example, these are 1kHz steps. This 
is mainly useful for correcting small 
errors when entering a frequency using 
the keypad. 

The next buttons, “<” and “>”, 
tune in larger steps: 9kHz for AM and 
0.1MHz for FM. These would gener- 
ally be used for manually stepping 
through the frequency band, listening 
for stations. 

The outermost buttons, “<<” and 
“>>” are used for seeking. They will 
step the frequency down or up until 
the radio finds a station. This is done 
by the radio chip internally. 

In DAB+ mode, these are used to 
switch between the four channels. 
By default, the radio is set up for the 
Australian DAB+ frequencies, but you 
can change this in the settings if you 
are overseas. 

If you try to seek but the radio cannot 
find any stations, you can press one of 
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The serial port produces a lot 
of useful information during 
the boot process, and will be 

helpful in troubleshooting any 
problems. This test screen is 
typical of a normal startup. 
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BIN File 518 KB 
BIN File 517 KB 
2:39PM BIN File 31D KB 


BIN File 6KB 


the tuning buttons again to cancel the 
seek. Note that all the other buttons 
are disabled while a seek is occurring. 

The frequency display can also be 
touched to manually enter a station 
frequency using an on-screen numeric 
keyboard. Sensible bounds are pro- 
vided to prevent invalid values being 
entered. 

In the DAB+ mode, the buttons 
next to the upper frame are available, 
and these are used to cycle through 
the available services on a given fre- 
quency. There is no specific order to 
these services; they are listed in the 
order that they are detected by the 
radio chip, IC1. 

The smaller frames below are used 
to indicate station information and, 
if available, information about the 
current program (eg, which song the 
station is currently playing, or the lat- 
est news or weather). 

AM broadcasts have no facility for 
carrying program information, so the 
station information is limited to the 
tuned frequency in this case. 

In FM mode, it displays the tuned 
frequency by default, but if RDS (Radio 
Data System) is available, this will 
carry the station name which will then 
be displayed. RDS data usually also 
contains program information, which 
is displayed in the lower frame. 

When DAB+ modeis active, the up- 
per frame displays the service name, 
with the lower frame showing program 
information, if available. 

There are also small numerical dis- 
plays indicating the received RF power 
and either signal-to-noise ratio (SNR; 
in AM/FM mode) or signal quality (in 
DAB+ mode). 

Despite DAB+ transmissions being 
vertically polarised, we found DAB+ 
reception to be best with the antenna 
horizontal while FM reception was 
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best with the antenna vertical. 

You may need to experiment with 
antenna orientation and positioning 
to maximise reception. Keep the AM 
loop antenna away from the radio and 
ideally, near a window. 


Station presets 


Below the tuning controls, eight 
preset buttons provided, which can 
be set to any station, band or service. 
A long press on one of these buttons 
(for more than one second) will store 
the currently tuned station or service 
to that preset. The button caption is 
changed to match the name displayed 
in the upper frame, which may be a 
frequency or text if this is available 
from an RDS or DAB+ service. 

A short press activates the preset, 
changing band, frequency and service 
as necessary. 

Any time a station or service is 
saved, all of the current settings are 
saved to flash, so that they are reloaded 
the next time the radio starts. 

To the right of the presets are the 
volume and mute controls. The vol- 
ume level is remembered while muted, 
although the control is disabled and 
can’t be changed until mute is disa- 
bled. The volume scale is from zero to 
63 (loudest), as this is what the radio 
IC uses internally. 

The radio can detect when head- 
phones are plugged into the jack 
socket, and any connected speakers 
are automatically muted when head- 
phones are plugged in. 

Since the stereo amplifier driving 
the speakers has its own volume con- 
trol, volume for the headphones and 
speakers can be set independently. 

This saves your ears from being 
blasted when plugging headphones 
in (although it’s always a good idea 
to put them on after plugging in) and 
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is also convenient since you can set 
a comfortable default level for both 
outputs. 

Because IC1 is not able to deliver 
digital and analog audio outputs si- 
multaneously, if you want to use the 
digital outputs, you will need to enable 
them using the Dig Out button on the 
main screen. 

It is automatically disabled when 
headphones are plugged in, so that the 
headphone output can produce sound, 
and this also has the beneficial effect 
of automatically muting any speakers 
connected to the digital outputs. 


Settings 

At the bottom right of the display is 
the “Config” button, which will take 
you to a separate Settings page. Press- 
ing the “Main” button will then return 
to the main radio screen. Whilst on the 
Settings page, the radio will continue 
doing whatever it was doing last, so 
you can continue listening to the last 
tuned station as you fiddle with the 
settings. 

As well as providing some configu- 
ration options, this page also includes 
an error log, which can be used to help 
debug the unit in the absence of a se- 
rial terminal display. If the message 
“No Errors” is seen, chances are that 
everything is working normally. 

If multiple errors are indicated, 
pressing the up and down arrows next 
to the display will cycle through the 
text description of the errors found. 
Practically all the errors that can be 
shown will involve IC1, the main 
radio IC. 

We’ve also mentioned the “Write 
Flash” button above in the setup sec- 
tion. There is little need to use this 
after the radio is operational, but we 
hope that there will be future firm- 
ware upgrades to the Si4689 radio IC 
to expand its features, in which case 
this can be used to write the newer 
firmware to the flash 

We’ll briefly explain what each of 
the settings does now. There is a “Save 
Settings” button in the top right corner. 
While most settings will take effect 
immediately, they will not be saved 
automatically; they must be saved if 
you want them to be retained after a 
power cycle or reset. 

There is a backlight dimming con- 
trol which can be used to reduce the 
backlight brightness after the display 
is not touched for the delay period. 
As soon as the display is touched, the 
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maximum backlight intensity is set. 

The maximum cannot be set any 
lower than 20%. This prevents the 
screen from becoming unreadable. 

The “Digital Output” checkbox 
disables analog audio when selected 
(and no headphones are plugged in), 
allowing the digital audio outputs to 
be used. 

There is also a setting to swap the 
left and right analog outputs, in case 
your speaker or headphone channels 
are swapped. And there’s a setting 
to force mono output in cases where 
you may only have one speaker, eg, if 
you’ve built the radio into a box with 
an internal speaker. 

And there’s also an option to enable 
“quiet mode”, where SPI traffic and 
CPU activity is kept at a minimum, 
to maximise reception, especially for 
AM. Note though that when this is 
enabled, you will not get an FM RDS 
or DAB+ station information display. 


Remote Control 


In addition to the touchscreen, the 
unit can also be manipulated using a 
universal infrared remote control. We 
have included code to allow many of 
the functions to be controlled by an 
Altronics A1012 or Jaycar XC3718 
remote control (others may be suitable, 
but we have not tested them). 

Many, but not all of the features can 
be accessed from the remote control. 
Since there is no easy way to tell a long 
press from a short press, stations can- 
not be preset, but existing presets can 
be selected using the remote control. 

The BASIC program has space for 
custom remote codes, and also dis- 
plays the codes it receives to the serial 
monitor. Thus, if you’re interested in 
modifying the BASIC source, you can 
easily find out what codes are being 
transmitted by your remote, and use 
them to add functions to your radio. 

By default, remote control buttons 
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1-8 select between your presets, with 
the volume and mute controls provid- 
ing their standard functions. Seeking 
can be accomplished with the channel 
up and down buttons, and switching 
bands is done by the AV button on the 
Altronics remote. 

Since the Jaycar remote lacks a mute 
or AV button, the play/pause button is 
used for muting, and the “CH” button 
provides band switching. 

You can also enter an AM or FM 
station frequency manually using the 
remote control, by first pressing the 
“200+” (Jaycar) or “OK” (Altronics) 
button, then typing in the frequency. 
Then press the 200+/OK button again 
to tune to that station, or standby/on/ 
off on the Altronics remote to abort. 

The Jaycar remote should work out 
of the box, but the Altronics remote 
needs to be set to use AUX code 171. 
This is done by pressing and holding 
the SET button, then pressing the AUX 
button and releasing the SET button. 
When the LED illuminates, enter the 
code 171 using the number keys, and 
the LED should go out. 

Refer to the remote control manual 
for more detail on the programming 
process. You will need to press the 
AUX button before using the remote 
so that the codes are sent using the 
correct code. 


What’s next? 


We’ve been swamped with sugges- 
tions of extra features for the DAB+/ 
FM/AM Radio. You will have seen 
from the first part of the series that we 
have even included a header to attach 
a potential expansion board and con- 
nections to the audio multiplexer to 
allow an alternate source of audio to 
be fed to the output stages. 

We don’t yet have any firm plans 
for what (or even if or when) will be 
added here. The expansion header was 
designed with the intent of allowing 


Two of probably hundreds of 
remote controls suitable for 
this project (the only ones we 
actually tested). On the left is 
the Altronics A1012 “Universal 
Remote Control” while the 
smaller unit on the right is 
the Jaycar XC3718. It’s 
sold as an “Arduino” 
remote control but 
works perfectly 
with the DAB+ 
radio. 
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a WiFi-equipped board (such as one 
based on an ESP8266) to be attached, 
and be able to provide access to inter- 
net radio stations. 

But there are so many possibilities 
for expanding or enhancing the radio 
that we couldn’t possibly investigate 
all of them properly. 

So, we put the call out to you, dear 
reader. 

We challenge you to add features 
to the radio. The source code is avail- 
able to those subscribers constructing 
the project, and the expansion header 
makes changing the hardware easy 
(and reversible). 

Take great care if you are consider- 
ing changing the interface with the 
radio IC. It’s easy to “break” the code, 
although you probably won’t damage 
anything; going back to the original 
software should at least get your radio 
going again. 

Adjust the user interface if you like. 
The colour scheme is simply set by 
numerous CONSTs at the start of the 
code, so this aspect can quite easily be 
changed if you prefer a different feel. 

If you come up with a useful en- 
hancement, please send it in. 

We may publish it in Circuit Note- 
book, or even its own article, if it’s 
significant enough. We look forward 
to seeing what you come up with. sẹ 


DAB Receiver Parts: 

The following parts for the DAB+/FM/AM 

Receiver will be available from the 
SILICON CHIP ONLINE SHOP: 


Main PCB only (SC4895) $15.00 
Main PCB with IC1 pre-soldered 
(SC4896) $60.00 


Main PCB with IC1 and extra SMD 
parts pre-soldered (SC4897) $80.00 
Set of SMD parts (contains most parts 
not included with the partially pre- 
assembled board) (SC4904) $30.00 
Clear acrylic case (SC4849) $20.00 
465mm extendable VHF whip antenna 
with SMA connector (mainly for DAB+) 
(SC4847) $10.00 
700mm extendable VHF whip antenna with 
SMA connector (good for DAB+ and FM) 
(SC4875) $15.00 
PCB-mount right-angle PAL socket 
(SC4848) 
PCB-mount right-angle SMA socket 
(SC4918) $2.50 
Dual horizontal PCB-mount RCA sockets 
(RCA-210) (SC4850) $2.50 


$5.00 
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Power up 
your 
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23 March, 2019 


B2201 


Lithium deep ` 
cycle batteries 


Drop in replacement for most lead 

acid batteries. More reliable with faster 
recharging and reduced number of charges. 
6.4V4.5Ah SB2200 $49.95 

12.8V 7.5Ah 5B2201 $129 

12.8V 18Ah SB2202 $249 

12.8V 100Ah 582203 $999 


NEED A HIGHER CAPACITY? 


See in-store or online for details. 


APV series LED drivers 

Suitable for indoor use as decorative lights, strip JUST 

lights in kitchens, robes and bathrooms. $ 

e Constant voltage 1 99 
© 300mm long lead 


12W & 16W available 
MP3371 - MP3373 SAVE FROM $7 TO $10 


FROM 


56 295 JUST 
ma $39 © 


IP66 Inline RCD 
circuit breaker 
Features built-in Residual 
Current Device (RCD) to 
protect against electrocution 
and equipment damage. 
Automatically shuts off 
power when a fault occurs. 
240V 10A. 1.8m long. 
QP2006 

m Due Early March. 


for lithium or SLA batteries 


Uses Maximum Power Point Tracking (MPPT) for maximum 
efficiency and charge rate. Charge lead acid (sealed, gel or 
flooded) or lithium batteries. 3-stage intelligent charging. 


12/24V operation. MP3741 


LPF series LED drivers 
Suitable use for lighting and moving sign 
applications i.e panel lights and downlights. 
e Constant current / dimmable 
e 1.8m SAA approved input lead 
and mains plug included 
40W & 60W available 
MP3374 - MP3377 SAVE FROM $17 TO $20 


JUST 


$4995 


SOW Car laptop 

power supply with USB 
In-car power supply for charging laptop 
computers with additional USB port for charging 
other devices. Includes multiple plugs to suit 
different laptops. 15-20V DC output. MP3338 


ELG series LED drivers 
Suitable use for street and outdoor LED lighting i.e 
architectural lights, sign lights and flood lights. 
e Constant current / dimmable 
e 1.8m SAA approved input lead 
and mains plug included 
60W, 75W & 150W available 
MP3378 - MP3381 SAVE FROM $20 TO $30 


SB2200 


120Ah, 150Ah & 200Ah available for special order only. 


20A MPPT solar charge controller 


the next generation in 
energy storage is here! 


Lithium Iron Phosphate (LiFePO4) batteries 

are the latest in battery technology, Featuring 
up to 10 times the battery cycle life with only 
half the weight of its lead-acid equivalent. 


Delivers twice as much current under load 


Accepts a higher charge current 
No explosive hydrogen gas emissions 


Weighs half as much 


` 


T 
JUST I 
` 
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10A Double GPO 

power point with built-in RCD 

Designed to be a direct replacement to your standard 
GPO fittings, combining two standard 240AC 10A mains 
(GPO) outlets with a built-in RCD to provide protection 
against electrical shock. LED indicators. PS54048 


$995 


Breadboard power module 

Adds a compact power supply to your 
breadboard. Power from a USB socket or DC. 3.3V 
or 5V switchable. XC4606 


ONLY 


$9795 


24V El Core transformer 
Type 2158 single winding 
transformer with 20mm fly leads 
on primary and secondary 
connections. 

e 24V, 72VA, 3A rated See in-store or online 
MM2012 for our full range. 


To order: phone I8OO O22 888 or visit wwwjaycar.com.au 


the latest maker technology 


We love to help you make things! Get started, or 
add to your collection of Arduino and Raspberry Pi 
compatible hardware, and build something new! 


This icon indicates that the product will 
work in your Arduino based project. 


This icon indicates that the product will 


Relay modules 


Control a motor backwards and 


forwards without speed control. Plenty 
of power (up to 10A at 30VDC), but 
need a separate 12VDC power supply 


to operate the relays. Provides 
isolation between the Arduino® 
circuit and switched circuit. 

4 Channel XC4440 $12.95 

8 Channel XC4418 $19.95 


$495 
SAVE 35% 


Mosfet driver module 
Accepts Pulse Width Modulation 
(PWM) input to drive 24VDC 
loads when connected to an 
Arduino®. Perfect for many 
projects such as lighting, DC 
motors, pumps and solenoid. 

© 3.3V & 5VDC 

XC4488 WAS $7.95 


$095 
SAVE 20% 


Motor control module 

Has 2 x 5V servo ports connected 
to the Arduino's high-resolution 
dedicated timer to ensure jitter- 
free operation. Control up to four 
DC motors or two stepper motors. 
e 5V to 16VDC 

XC4472 WAS $12.95 


power conversion 


JUST 


$495 


DC to DC converter 
module 

Capable of providing a stable 5V, 
from a single Li-Po or two Alkaline 
cells. Input is via two solder pads, 
output is via a female USB socket. 
© 34(L) x 16(W) x 8(H)mm 

XC4512 


ONLY 


$4 495, 


5A 12VDC PWM motor speed controller kit 
Ref: DIYODE Magazine March 2018 

This kit is a bare bones motor speed controller for fairly low 
current, low voltage applications. Ideal for controlling small 
robotic motors or pump motors. Includes a solder-masked 


and silkscreened PCB. 


 Silk-screened PCB: 61(L) x 36(W)mm 


KD6102 


DC voltage regulator 
Accepts any voltage from 4.5- 
35VDC, and outputs any higher 
voltage from 3-34VDC. The output 
voltage is adjusted via a multi-turn 
potentiometer. 

© 49(L) x 26(W) x 12(H)mm 
XC4514 


Ve sq 295 


TECH TIP: RELAYS 
Relays are a great 
way for controlling 
power but aren't 
capable of being 
directly controlled 
by a microcontroller 
such as an 
Arduino®, but using 
our relay modules, 
this restriction is 
overcome. 


$4495 


SAVE 20% 


Dual motor 

controller module 

Allows full control of two DC 
Motors or one stepper-motor. 
Provides 4A at up to 30V, and has 
an onboard 5V regulator to power 
your Arduino® main board. 

e 3V to 30VDC 

XC4492 WAS $14.95 


DC to DC boost module 
with display 

Can be used to provide higher 
voltages for your project, such as 
running 5V Arduino® projects from 
Lithium batteries. Solder terminals. 
© 66(L) x 35(W) x 12(H)mm 
XC4609 WAS $19.95 


Universal power supply regulator 
Ref: Silicon Chip Magazine March 2011 
Asmall board and a handful of parts will allow 
you to create either a regulated +15V rail or 
+15VDC single voltage from a single winding 


or centre tap transformer (not included). 


 Silk-screened PCB: 72(L) x 30(W)mm 
KC5501 


NOW 


$4 795 


SAVE 10% 


work in your Raspberry Pi project. 


O 5V Stepper motor and driver set 
ty) Stepper motors require a series of pulses 

to power them. This means the speed and 
position of the shaft can be controlled with 
more precision. Comes with a dedicated 


driver board which can interface with the 
Arduino®. XC4458 


q6?’ 


12V Gearhead motors 

These rugged units have a 12VDC motor attached 
to a high-torque gearbox. Use to drive wheels or 
even rotate appendages like an arm or head. Ideal 
if you want something more powerful than Chassis 
Kits, or already have a frame and wheels. 

7ORPM 2.1KG/CM YG2732 $14.95 

36RPM 12KG/CM YG2734 $23.95 

160RPM 75KG/CM YG2738 $43.95 


SAVE 20% 


Servo motors with metal gears 

High speed and high torque digital servos with dual 
ball bearings and metal gears for maximum strength 
and durability. Excellent replacement for the standard 
servos commonly used in all 1/10th and many 1/8th 
scale remote control cars or for use in any number of 
robotics applications. 

6V 13kg YM2763 WAS $34.95 

6V 11kg YM2765 WAS $34.95 


JUST 
$795 


Build your 

own coils and 
transformers book 
Ideal for hobbyist or 
anybody interested 

in winding their own 
transformers. 56 pages. 
BM2440 


E 


PIC 


Programming & Microcontroller 


customising the pic 
microcontroller book 
Comes with more than 600 
illustrations and provides 
comprehensive, easy-to- 
understand coverage of 
the PIC microcontroller's 
hardware and software 
schemes. 1264 pages. 
BT1347 


ONLY 


$99 


Buy online & collect in store & zip own it now, pay later 


your destination for 
the best project ideas 


Have fun building this practical project for the upcoming 
holiday break. The addition of a functional USB output will 
ensure if you're lost you can use the compass to charge 
your phone and call for help or directions too. With this 
project you'll always be able to find your way home. 


SKILLS: Beginner 
TOOLS: Soldering iron, side cutters, hot glue gun 


See step-by-step instructions at 
www.jaycar.com.au/digital-compass 


NERD PERKS 
BUNDLE DEAL 


$59 


1 x Duinotech Nano Board XC4414 $29.95 

1 x OLED Display Module XC4384 $29.95 

1 x 3 Axis Compass Magnetometer Module XC4496 $15.95 SAVE 45% 

1 x 150mm Socket to Socket Jumper Leads WC6026 $5.95 

1 x 7805 +5V 1A Voltage Regulator ZV1505 $1.85 KIT VALUED AT $108.50 
1 x Battery Bank 4 x AA USB A SKT with Switch Black MP3083 $4.95 

2 x Rechargeable Li-ion Battery 800mAh SB2300. $9.95 EA. See other projects at www.jaycar.com.au/arduino 


FROM 


$895 


FROM 


$595 


ONLY 
$95 


IEC EMI Power line filter 6A 
UL, CSA, VDE compliant. Designed to reduce 


av 


oh 
IEC leads PS4100 Power leads 


e SAA approved e SAA approved line-to-ground interference. Panel mounted. 
Straight IEC Female to 240V Male - 1.8m PS4106 $8.95 2pin Mains Plug to IEC C7 Female-1.8m PS4115 $5.95 Accepts standard IEC power plug. Rated 
IEC Female to IEC Male - 1.8m PS4108 $8.95 2pin Mains Plug to IEC C7 Female - 5m PS4117 $11.95 = 115/250VAC, 50/60Hz. 

IEC Male to 3pin Female - 150mm PS4100 $9.95 3pin Mains Plug to IEC C5 (clover leaf) - 1.8m PS4120 $6.95 MS4003 


ONLY NOW FROM 

$ 75 $ 95 ¢ WH3010 
1 ea. Q f m 25%. 

Metal Oxide ih Power cables 

Varistors (MOV) SAVE $5 PVC insulation. Sold by metre or 100m roll. 

Prevent damage to Pocket wire stripper Hook-up wire pack Flexible Light Duty 13 x 0.12mm. 0.6A. 

sensitive equipment such Strips anything from 2G to RG6 2 metres of 8 different colours of 13. WH3010 - WH3017 $0.25/m or $15/roll 

as microprocessors and coax. 120mm long. x 0.12mm hook- up wire.16 metres Heavy Duty 24 x 0.2mm. 7.5A. 

digital electronics. Range TH1817 WAS $14.95 in all. WH3025 WH3040 - WH3042 $0.55/m or $42/roll 

from 10-460VAC, 100- Extra Heavy Duty 32 x 0.2 mm. 10A. 

6500A. RN3411 - RN3417 WH3050 - WH3052 $0.80/m or $72/roll 


oo b x C 
savess © k 


MKT capacitor 


JUST 


$4 O95 


Solderless breadboard 


Arduino® stackable header | bargain pack with power supply 
Build a stackable shield, or make your | A vast array of over 90 high 830 tie-point breadboard with removable 
current shield stackable. quality WIMA brand X2 type and power supply module. Power from USB or 12V 
1 x 10-pin, 2 x 8-pin, 1 x 6-pin, other capacitors. Excellent value plugpack. Includes 64 mixed jumper wires of 
1 x 2x3-pin (for ICSP). HM3208 5 for money. XB9008 WAS $24.95 different length and colour. PB8819 


Free delivery on online orders over $70 on sale 24.2.19-23.3.19 Si 


power management 


FROM x 


$129 


12V Deep cycle gel cell 
SLA batteries 
Leakproof and completely 
sealed, ideal for solar 
power, 4WD, camping etc. 
26Ah SB1698 $129 
38Ah SB1699 $199 
100Ah SB1695 $379 


FROM 


$4995 


200A DC watt meter power 
analyser with LCD display 
All-in-one power meter, volt meter, amp-hour 
meter, ammeter and energy meter. Designed 
for systems less than 60V and currents up to 
200A (Peak). 

e 75A continuous / 200A Max 

e Up to 60VDC compatibility 

With Bare Leads MS6190 $49.95 
With Anderson Connectors MS6192 $59.95 


SB i696 


NA1420 $9.95 


NOW 


$4 3% 


JUST 


$4995 


12V Battery 

low voltage protector 

Shuts off power to the connected 
device if the voltage drops below 11.6V. 


Battery discharge protector 
Protects your car battery from total 
discharge by switching off appliances 
before the battery voltage drops to an 
unrecoverable level. 12V 20A. 


isolator (VSR) 


Suitable for loads up to 10A. MB3677 


WAS $19.95 AA0262 WAS $44.95 MB3687 
INTRO PRICE! NOW INTRO PRICE! 
$ 7 Q?5 $Ọ Q 
vi AVE $20 SAVE $20 
Energizer 200W powerboard Lnergizer 
150W cup type 2 x 230VAC ports and 4 x USB ports to SOOW 


The World's Smallest 
Cup Inverter™. 150W 
continuous, 300W peak 
© 4 x 2.4A USB ports 
MI5020 ORRP $69.95 


charge your phones, Tablets and other 
tech. Also has cigarette lighter socket to 
power other 12V devices. 

MI5131 WAS $99.95 


© 4x 2.4A USB ports 
MI5021 ORRP $119 


JUST 


$4 995 E 


4-Way splitter with USB 
Power up to four 12VDC plug 
appliances at once (max 10A). 
USB socket (max 1A). PS2019 


3-Way cigarette 


995 
lighter socket with 


12-24VDC. Simultaneous | 


JUST 


$26 


Dual 2.1A USB charging ports 
Supplied with panel and surface mount 
hardware, to easily mount inside your car, 
caravan, truck etc. Includes removable dust 
cover. PS2030 


fe 


JUST 


$2 


JUST 


$345 


USB and 12V cigarette lighter 
power socket (switched) 

Features an on/off rocker switch under 

a protective tamper-resistant cover. Will 
behave like a circuit breaker if current draw 
exceeds 16A, and can be immediately 
switched on again! PS2036 


4-Channel 
USB & voltmeter universal 


Power up to 7 devices! 


charging. Voltage warning. 
Overcharge and overcurrent 
safety protection. PP2120 e 1A USB outlet 


MB3701 


Pi 
ui 


< CLICK & 
COLLECT 


Buy online & collect in store 


125A dual battery 


Protects your starter battery. 
Automatic operation. Ideal 
for 4WD, marine, and more. 


© 500W continuous, 1000W peak 


battery charger 
Compatible with most types of 
rechargeable batteries. Charges 
Li-ion, Ni-MH and Ni-Cd batteries. 


DC power meters 
with built-in shunt 
and LCD display 
Self-contained. Suitable for solar systems up to 

approximately 2kW (must not exceed 20A). 

Bright blue backlit display. Real time information. 

20A 6.5-100V OP2320 WAS $29.95 NOW $21.95 SAVE $8 
100A 6.5-100V OP2321 WAS $39.95 NOW $29.95 SAVE $10 


12/24V PWM 
solar charge controllers” % 
Efficient, automatic. Advanced digital 
technology which increases battery lifetime and 
improves solar system performance. IP67 rated. 
12/24V 10A MP3756 

WAS $59.95 NOW $39.95 SAVE $20 
12/24V 20A MP3758 

WAS $89.95 NOW $59.95 SAVE $30 


Energizer 
INTRO PRICE! 


$99 


Lnergizer, 


SOOA Jump starter & 
7500mAh powerbank combo 
Jump starts a car, motorbike 

or boat 8 times with one charge. 

e Built-in Li-Po battery 

e 2.4A USB port 

MB3770 ORRP 119 


$4295 


Ni-MH battery charger 

with 4 eneloop batteries 
Charges both AA and AAA batteries and 
includes 4 x AA eneloop batteries. 
Approx. 10 hour charge time. MB3563 


NOW 


$4995 


Universal compact 

balance charger 

Balance charging provides greater control 
over the cells being recharged to help 
promote longevity and prevent overheating. 
MB3629 WAS $59.95 


#& zip own it now, pay later 


working with 
a solar charge 
controller: 


The best way to connect a battery to a solar panel or array is with 
the use of a solar charge controller because solar panels can 
output a wide voltage range. While directly connecting a solar 
panel to a battery will actually charge it, there are problems. A 
solar panel can put charge directly into a flat battery, but it tends 
to want to keep putting charge into the battery even when it's 
NOT flat. This can cause the battery to overheat or even burst 
open. If nothing else, it will drastically shorten its life. The second 
problem is poor efficiency: A sizeable part of the light energy 
captured by the solar panel(s) winds up heating up the solar cells, 
instead of charging the battery. To overcome these problems, you 
need some sort of Solar Charge controller. They come in three 
basic types. 


JUST 


$4 495 


12V 3A miniature 

Compact, suitable for many small 
solar applications and suits 12V solar 
panels. 3-stage charging. Light and 
timer control. MP3762 


12/24V with USB 

Lightweight, suitable for 12V and 24V 
battery banks. USB charging port 
provides up to 1.2A charging. Supports 
sealed, gel and flooded type batteries. 
10A MP3750 $39.95 

20A MP3752 $69.95 


$129 


SAVE UP TO $50 


12V/24V 


with LCD screen 
solar charge controller 
Highly intelligent. Microprocessor controlled. 
Works with 12V or 24V systems. LCD Display. 
e Automatic load control with low-voltage 
disconnect/reconnect 
e Twin timer programming 
e Overcharge, overcurrent & 
under voltage protection 
15A MP3739 WAS $149 NOW $129 SAVE $20 
30A MP3735 WAS $249 NOW $199 SAVE $50 


FROM 
$495 


Solar PV L 
power cables 
Dust, age and UV 
resistant, tinned ~ 
copper conductors to 
minimise corrosion. 

e IP65 rated 

50A 4.0mm? 
WH3121 $4.95/m 
70A 6.0mm? 
WH3122 $7.95/m 


< 
ea. pT4420 


5OA power 
connectors 

Used widely in both 
domestic and industry 
applications. Supplied 
as a moulded 2 pole 
with contacts. 

e 50A, 600V (AC or DC) 
6 Gauge PT4420 
8 Gauge PT4425 
10-12 Gauge PT4427 


LZLEHM 


4mm Waterproof 
solar power 

PV connectors 

IP67 rated for maximum 
environmental protection. 
Male = PP5102 


Female PS5100 H 


NEED A R? 


See our TH1834 $14.95 


Free delivery on online orders over $70 


SWITCHING: 
Most economical. Simply 
monitors the state of 
battery charge and 
disconnects it when the 
battery is full. 


nn 
| QUAL BATTERY 


NOW 


$7995 
SAVE $20 


12/24V 30A 

with LCD screen 

High efficiency and reliable. Detects 
12V or 24V inputs automatically and 
can be left on permanently. LCD backlit 
display. Dual timer. 

MP3754 WAS $99.95 


$299 


SAVE $50 
12V-48V 50A 


with LCD screen 

solar charge controller 

Highly intelligent for use with solar arrays up 
to 95VDC. Works with 12V, 24V, 36V or 48V 
systems. LCD Display. 

e Adjustable bulk and float charge voltages 
e Heavy duty terminals 

e Overcharge, under voltage & reverse 
current protection 

MP3731 WAS $349 


SAVE $15 


12/24V 10A dual battery 
with LED indicator 

Highly efficient. Charge 2 separate 
battery banks at the same time. 
Electronic protection from over 
charging short circuit or accidental 
reverse battery connection. 12/24V auto 
detect. MP3760 WAS $69.95 


ONLY 

$4995 
19°: 

Solar panel 'y' leads 

Used for connecting the 

output of two solar panels 

in parallel or connecting 

multiple panels in an 

array. Waterproof and 

UV resistant. 

2 Sockets to 1 Plug 

PS5110 

2 Plugs to 1 Socket 

PS5112 


FROM 


$4495 


SOA high current leads 

Easily adapt or extend your 50A Anderson 
connector with the following 300mm long 
adaptors or 5m extension. 

Eye Terminal 300mm PT4444 $14.95 
Cigarette Plug 300mm PT4446 $16.95 
Cigarette Socket 300mm PT4448 $16.95 
Piggyback 300mm PT4442 $34.95 
Plug Extension 5m PT4440 $79.95 


on sale 24.2.19 - 23.3.19 


your destination for 


your workbench power 


essentials 


$179 
SAVE $20 
: $2 495 


SAVE $10 


19 O 2 


$4995 


$4995 


SAVE $20 


Y pai $2495 


: 1. Variable laboratory 


autotransfomer (variac) 


s Heavy-duty steel housing 

e SOOVA (fused) rated po 
handling 

+ 0~260VAC @ 50Hz output 
voltage 

$ MP3080 WAS $199 


2. Cat IH insulation tester/ 


- multimeter 
* Suitable for high voltage 
insulation testing up to 4 
gigaohms at up to 1000V. 


functions 

$ Mouided storage case and 
holster included 

OQM1493 WAS $249 


3. Power point and earth 


leakage tester 
e Multiple testing options 
¢ IP65 rated enclosure 
* Buzzer & LEDs for 
quick diagnosis 
OP2004 WAS $34.95 


+ AC/DC voltage, low resistance 


x 
© YU 
) 
T. 
WA 


4. 3000A True RMS AC 

clamp meter 

» Massive 3000A current 
measurement 

e Flexible “clamp”loop: 

© CATH 1000V and CATIV 600V 
rated — 

QM1568 WAS $69.95 : 


5. Cat Ill non-contact AC 
-voltage detector 
* Detects AC voltages from 200 
to 1000V 
e LED flashlight function 
v2 x AAA batteries included 
OP2268., 


6. 3-B0VDC tester with 
ocean 
readout 

¢ Works on 6/1 2/24. systems 

* Stainless steel testing probe 

* LED Indicators; Green (-), Red (+) 
@P2216 


AAA, 
AAA 


$299 


FROM FROM 
$5995 $129 
SAVE UP TO $50 SAVE UP TO $30 


Fixed laboratory power supply 

High current general workshop power supplies for 
equipment, component testing, etc. 13.8VDC. 

12A MP3079 WAS $69.95 NOW $59.95 SAVE $10 
20A MP3078 WAS $99.95 NOW $79.95 SAVE $20 
40A MP3089 WAS $199 


NOW $149 SAVE $50 


NOW 


— 


Variable laboratory power supply 

High current, variable output and fan cooling. Protects against 
thermal overload and short circuit. Display a warning LED in the 
event of a fault condition. Backlit analogue meters. 

0-24VDC 15A MP3800 WAS $149 NOW $129 SAVE $20 
0-16VDC 25A MP3802 WAS $199 NOW $169 SAVE $30 


A 


ONLY 


SAVE $50 


Regulated laboratory power supply 
Highly efficient & reliable for testing and 
servicing applications. 0-15VDC variable 
output voltage. 0-40A variable current limiting. 
Overload and over temperature protected. 
MP3091 WAS $349 


ec 
nak 
Pe 


ONLY < 
$1395 


$6995 85W 240V soldering iron 


High quality iron. Exceptional heat 
recovery. 320°C tip temperature. 
e Japanese made 


SAVE $10 aed 
TS1430 WAS $79.95 


SAVE 30% 


Desolder braid a 
Contains wash-free RMA flux and 
conforms to MIL- F- 14256F. Supplied in 
plastic reels. 1500mm long. 1.5, 2.0 & 
3.0mm width available. NS3026 - NS3028 


ONLY NOW 
“Se $1995 ff 
ANY 2 FOR $8! SAVE $8 | 


Desoldering tool 
Japanese built quality, 
with a large vacuum 
chamber for strong 
suction. 330mm long. 
TH1856 WAS $27.95 


€ CLICK & 
COLLECT 


Buy online & collect in store 


$4 995 a ~~ 


127mm precision side cutters 
Easily cut leads ideal for fine PCB work. 
11897 


Soft padded handles. TH 


ONLY 


$4 4° 


ONLY 


Liquid 
electrical 
tape 

Seals and 
protects 
electrical 


J-B weld epoxy 
Bonds to almost any 
surface. 25ml. NA1518 


28g tube. 


a *16%5 


connections. 


Black NM2836 
Red NM2838 


145mm long nose pliers 
Perfect for adjusting and bending 
components, picking up dropped nuts, 
etc. Soft plastic handles. TH1893 


ONLY 


$4 995 


Dust remover | 
spray can 
Non-CFC, non- 
flammable gas 
which allows 
removal of dust 
from electronic, 
electrical and 
optical devices. 
250g can. | 
NA1018 R 


iRVISOL 


A 


psa] 


zip own it now, pay later 


65W 4-Port USB 


O to 36VDC, 0-5 


nerd perks club members 
exclusive club offers 


Not a member? Visit www.jaycar.com.au/nerdperks 


0 x 


Dual input 2OA DC/DC 


charging | slimline lab- multi-stage 
station’ °59°° power supply battery harar 


50% — a 


1N4007 1A 1000V diode 
Pack of 100. 
ZR1008 REG $12.95 CLUB $6.45 


20° 5 w 


Multi function 
cutter/stripper tool 

2-in-1 tool combo. 160mm long. 
TH1843 REG $24.95 CLUB $19.95 


30” 


2 Core power cable 
7.5A 2-Core Tinned. 30m Roll. 
WH3053 REG $35.95 CLUB $24.95 


15% 


PC programmable line tracer kit 
KJ8906 REG $44.95 CLUB $37.95 


digitech 


15% 


USB 3.0 to HDMI adaptor 
Full HD 1080p. 
XC4973 REG $109 CLUB $89 


30” 


IP65 sealed ABS enclosure 
240(W) x 160(D) x 90(H)mm. 
HB6134 REG $37.95 CLUB $24.95 


A better club is coming. 
Keep being rewarded! 


Check your email & contact details are correct 
In-store or online now. Don’t miss out! 


Free delivery on online orders over $70 


25% @ 


Mains power meter with 
extendable LCD display 
Displays watts, cost, volts, amps, 
and CO, emission. 

MS6108 REG $29.95 CLUB $21.95 


25% 


Polymorph pellets 
100g bag of 3mm pellets. 
NP4260 REG $11.50 CLUB $8.50 


30” 


SLA battery carry bag 
Suits 12V 7.2AH or 6V 12AH batteries. 
HB6360 REG $19.95 CLUB $13.95 


30” 


Single motor 4 speed gearbox 
YG2740 REG $18.95 CLUB $12.95 


40%! 


Jumbo LED panel meter 
3.5 Digit. 200mV to 500VDC. 
OP5585 REG $34.95 CLUB $19.95 


150A Insulated bus bar 


12-32V wiring. 
$Z2012 REG $16.95 CLUB $12.95 


GET 30% OFF’ 


terminal blocks 


when you're a member of the Nerd Perks club. 
*See T&C's for details 


on sale 24.2.19 - 23.3.19 


what's (nNEwr 


JUST 


$Q95 


EXTENDABLE 
TROLLEY HANDLE 
AND WHEELS 


ONLY 


$129 


1080P Wi-Fi IP camera 

with security alarm 

Record audio and video in 1080p high- 
definition. Can work stand-alone to record 
audio and video or expanded with sensors 
(sold separately) to turn it into a security 
system. QC3870 


ONLY 


$429 


HD Wi-Fi IP camera 
with pan/tilt 

Full HD 1080p recording. 
Free iOS™ and Android 
app to remotely access 
the camera, pan, tilt, 
review footage, etc. 
using your Smartphone, 
iPad or Android tablet. 
QC3858 


o_o 


3 Bluetooth’ 


=: X -e 
JUST ONLY 


53975 $119 


€CS Plug to Cigarette Dual outlet powerboard in-car FM transmitter ULTRA BRIGHT 

Lighter Socket Adaptor with 4 USB ports with bluetooth® & dual USB 45W LED 

Plugs into the EC5 socket on Connect mains equipment and charge up Re-transmit audio from your spotlight 

your jump starter and allows you to 4 USB devices at the same time from a Bluetooth® device or other source Illuminate objects 

to power 12V devices, including single outlet. 3.4A total USB output. Mains to standard FM radio in your vehicle. almost half a kilometre 

small compressors and tyre overload protected. MS4104 USB Quick Charge™ 3.0 charging. away! Fully waterproof (IP67) and floats. 


pumps. 10A power. 180mm long. 
PA2040 


TERMS AND CONDITIONS: RE 
purchase. Refer to wel 
1 x XC4496 C 
30% OFF Terminal Bloc! 


icroSD playback. 4A total Rechargeable. 4500 lumens. ST3329 


/E Jaycar Rewards / Nerd Pe 
at roject kit when pur 
328 or any combina 


SS For your nearest store jaycar* 


DELATOUR ST 


Darwin 


297 Bagot Road - Coconut Grove, 
Darwin, NT 0810 
PH: 08 8948 4043 


& opening hours: 


U 1800 022 888 cae 


A www.jaycar.com.au Ph: (02) 8832 3100 


Fax: (02) 8832 3169 


100 stores & over Online Orders 
www.jaycar.com.au 


140 stockists nationwide e Ral 


Arrival dates of new products in this flyer were confirmed atthe time of print but delays sometimes occur. Please 

ring your local store to check stock details. Occasionally there are discontinued items advertised on a special / lower 
price in this promotional flyer that has limited to nil stock in certain stores, including Jaycar Authorised Stockist. These 
stores may not have stock of these items and can not order or transfer stock. Savings off Original RRP. Prices and 
special offers are valid from catalogue sale 24.2.19 - 23.3.19. 


SERVIEEMANS EOG 


My father, the ultimate “serviceman” 


Once again we are into another year, and while 
most of us are focusing on getting back into the 
swing of things, for me, 2019 began with sadness. 
My dad Gary, the man who taught me so much, 
finally downed tools, passing away on December 
20th, 2018. Ironically, it was the brain that gave 
him his skills and intellect that ultimately failed 
him, gradually robbing him of his talents. 


I’ve met many amazing and extreme- 
ly clever people in my life and even 
some I would not hesitate to call a ge- 
nius. My largely self-taught Dad stands 
tall among them. 

All of these people share common 
traits; an endless thirst for knowledge, 
a desire to learn anything new, a need 
to find out how something works and 
enviable skills with all manner of 
tools. I’m sure you know the type, and 
may even recognise some 
or all of these traits in 
yourself. 

As one would ex- 
pect from a man who 


siliconchip.com.au 


WE'VE BEEN 
SWEAT ING ON YOU 
ARRIVING ~T HIS LIST 
NEEDS URGENT 
ATTENTION.. 


lived for over eight decades, Dad had 
some intriguing and usually entertain- 
ing engineering and serviceman-relat- 
ed stories to tell. 

The problem was that I heard most 
of them from family members or 
friends; Dad was a man of few words 
and he didn’t waste any of them blow- 
ing his own trumpet. If pressed, he 
might sometimes confirm or modestly 


THE ULTIMATE 


Australia's electronics magazine 


f YEP, JUST AS 


SOON AS 1 FIX THIS 
A GATE HINGE 


Dave Thompson 


items GoveredmihisiMonth 


@ The ultimate serviceman 
@ Dishwasher repair 
@ Tractor display module repair 


“Dave Thompson runs PC Anytime 
in Christchurch, NZ. 


Website: www.pcanytime.co.nz 
Email: dave @ pcanytime.co.nz 


disclaim some of the details, assigning 
positive outcomes to ‘luck’ or some- 
body else who was involved, but I’d 
like to believe the stories were all true. 

I could fill a book with these anec- 
dotes, and might just do that one day. 
One example: it wasn’t until I made 
my first electric guitar at 18 that Dad 
informed me that he too had made one 
in his youth. Dad didn’t have a musi- 
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~AS CHILDREN WE 
WOULD TAKE TURNS 
HANGING ON & RIDING 

UP & DOWN, TREATING 
THEM AS OUR PERSONAL 
FAIRGROUND RIDES 


Nou 


cal bone in his body (some may argue 
that I don’t either!) but that didn’t stop 
him making his own instrument. 

While I utilised a lot of donated or 
store-bought hardware, he fabricated 
almost everything on his guitar — the 
bridge, pickups and even the machine 
heads! The desire to do this most likely 
came more from a position of not hav- 
ing a lot of money or a source of suit- 
able components than anything else. 
But ANZACs in his peer group have 
a well-deserved reputation for “doing 
it themselves”. 

While Dad never had a full-time job 
as an actual serviceman, he’d built a 
reputation as a person who could re- 
pair or fabricate just about anything. 
So he ended up doing a lot of repair 
and custom work. 

Someone once gave him a broken 
Bakelite and brass steering-wheel bez- 
el from a vintage car to restore but as it 
was too far gone, he hand-fabricated a 
whole new one from period materials. 
Word slowly got around the global vin- 
tage car community (this was the 70s) 
and soon he was making bespoke car 
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parts for enthusiasts all over the world. 

Nowadays, people can get whatever 
they need made in China or India, or 
maybe even 3D print it, but back then 
the only option (other than finding an 
original part) was to get an engineer to 
make one for you. 

While I don’t think he did a huge 
amount of this particular work, this 
is typical of how he could easily shift 
gears and take advantage of opportu- 
nities that came his way. 


Some clever inventions 


While I was around for a lot of his 
working life, I heard anecdotes at his 
funeral about his younger days that 
were news to me. I would have dear- 
ly loved to have discussed them with 
him to get more details. 

I knew he’d built several electric ve- 
hicles in the late 60s for a business ‘up 
north’, and also built an electric cart 
and trailer that ferried tourists around 
the Christchurch Botanical Gardens 
for decades. But where he got the plans 
or even the parts for these vehicles, I 
have no idea. 
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I recall being very proud when as a 
lad I saw him being interviewed by a 
reporter about these EVs on the fam- 
ily’s first black-and-white television 
(that Dad had also made). 

I was also aware he designed and 
made height-adjustable rotary clothes- 
lines for both his mother and my moth- 
er using hydraulic rams; at the turn 
of a water tap, the ladies could raise 
the washing line to almost double its 
normal height, catching more sun and 
breeze in an increasingly fenced-in 
and crowded suburbia. 

As small children we would take 
turns hanging on and riding up and 
down these washing-lines, treating 
them as our own personal fairground 
rides (much to the adults’ consterna- 
tion!). 

At the service, I also heard about a 
colossal quilting machine Dad built 
from scratch and installed in a textiles 
factory some time in the late 50s or 
early 60s, all from a single photograph 
taken by the factory owner of a simi- 
lar contraption operating in America. 

This sewing-machine-on-steroids 
followed configurable tracks built into 
the factory floor to create patterns in 
the material and was apparently used 
well into the 80s. 

Yet another custom machine men- 
tioned was one I had better memories 
of; designed and built in the late 60s, 
it made both solid and hollow fishing 
rod blanks from great reels of fibre- 
glass strands. 

The solid blanks this machine pro- 
duced would later be repurposed for 
CB-radio whip antennas, when Dad 
and another guy ran a business design- 
ing, assembling and installing their 
own CB radio (the Telstat Minicom) 
during the mid-70s CB boom. 

I can actually remember this ma- 
chine and the reels of glass threads tak- 
ing up half the space of an old gutted 
house Dad rented at the time. I mainly 
remember the heat and smell from the 
machine; to this day, the smell of fibre- 
glass takes me back to that old house. 

Any of these ideas, with the right 
backing, could make someone a for- 
tune. But for Dad it was more the chal- 
lenge of coming up with an idea, mak- 
ing it a reality and then moving on to 
the next project. 

Creating anything similar today, even 
with all the plans, knowledge and ex- 
perience on-tap via the internet would 
be tough going; back then, all Dad had 
was his hands, his imagination and a 
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well-equipped workshop. One must re- 
spect a man with such abilities. 


A flair for repair 

Another story told at his funeral, 
which has since been corroborated 
by one of the parties involved (who 
also happens to be a from-day-one 
SILICON CHIP reader), occurred way 
before my time and involved an inno- 
vative impromptu repair, something 
that Dad was very good at, even as a 
younger man. 

The story goes that Dad had re- 
cently turned 15 and gained his driv- 
er’s licence. He was hooning around 
Christchurch in an old Whippet sedan 
with his younger brother Roger when 
the car lost power and a knocking noise 
was heard coming from the motor. 

Dad apparently had a good idea of 
what it was likely to be and proceed- 
ed to climb under the car and drop the 
sump from the engine right there on 
the roadside. 

For as long as I could remember, and 
until only recently, Dad always carried 
a four-inch Crescent shifter around in 
his trouser pocket. Perhaps he had one 
with him even then. 

He visually confirmed they had run 
a big-end bearing, which for the major- 
ity of us would be the end of the line. 
Not one to be beaten by a simple bear- 
ing failure, Dad asked for his brother’s 
brand-new leather belt and to Roger’s 
horror, he proceeded to cut it up, fash- 
ioning a new makeshift bearing from 
it. He then bolted everything back to- 
gether and replaced the oil, which he 
had kept. 

Off they went on their merry way 
and the engine was said to be still 
going well when they sold the car. I 
wonder if they mentioned the leather 
bearing to the new owner... 

In one of life’s strange coincidenc- 
es, one of Dad’s school-mates ended 
up being my foreman at the airline I 
worked at, and he would occasionally 
regale me with stories about youthful 
scrapes he and Dad got into. 

He recalled that one fine day they 
were out riding their prized motor- 
bikes in the countryside when his bike 
suddenly clattered to a stop ina cloud 
of smoke. Something was obviously 
wrong with the engine, and as they 
were a fair way out of town, this was 
potentially very inconvenient. 

Again, not wanting to be thwarted 
by a measly motorbike engine failure, 
and using the toolkit that came with 
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his own motorbike, Dad stripped the 
dead motor down by the side of the 
road. He soon had it reassembled and 
running and they both made it home. 

His mate couldn’t recall precisely 
what was wrong with the motor, and 
when I asked Dad about it, he said he’d 
found it had a blocked oil line and 
put it down to a fluke that he found 
the problem and managed to get it go- 
ing again. 


Harking back to my younger 
days 

It’s no wonder that I grew up with 
the confidence that no matter what pre- 
dicament we as a family got into, Dad 
would find a way to get us out of it. 

When I was younger, I always drove 
cheaper cars, preferring to spend my 
meagre disposable income on elec- 
tronic components, model planes 
and tools. Of course, this is a false 
economy, as cheap cars tend to break 
down a lot. 

I was always adding bits and pieces 
to these cars, usually from projects out 
of the likes of Everyday Electronics, 
Practical Electronics and Electronics 
Australia (obviously I spent a lot of 
money on magazines as well!). 

The usual mods would be to add a 
capacitor-discharge ignition, wiper de- 
lay units, hazard flashers, a car alarm 
and any other easy-to-build widget or 
gadget I could afford to install. This 
taught me a lot about systems and the 
importance of good construction. 

Dad taught me to solder when I was 
old enough to know which end of the 
soldering iron to hold onto without 
getting hurt, so this was never an is- 
sue, but I did have a lot to learn about 
installations. 


Dad to the rescue 

In one older (and frankly rubbish) 
car I owned, ld installed a stalk- 
mounted high/low beam switch. This 
car usually had a floor-mounted dip 
switch and as that switch was fail- 
ing, I decided to mount one up by the 
steering wheel, just like all the more 
modern cars of the time. 


Since the advent of sourcing wiring 
diagrams for cars with a simple inter- 
net search was about 30 years away, 
I busied myself instead by ‘ringing 
out’ the existing wiring with Dad’s 
multimeter. 

Cars back then are not like cars to- 
day, with massively-complicated wir- 
ing looms, computers and cosmetic 
panelling getting in the way, but at the 
time it seemed complex to me. 

I finally isolated the wiring for the 
switch and the lights and ran a cou- 
ple of wires in parallel from the floor 
switch to the new toggle switch I’d 
mounted to the steering column using 
a hose clamp. When I’d wired it all in, 
the new switch worked perfectly and I 
was well pleased with myself. 

However, a few nights later I was 
out and about and when I switched 
the lights on, the fuse blew and I had 
no headlights. As I had no spare fus- 
es, I walked to a nearby telephone box 
(remember them?) and called Dad. 
He jumped in his car and came out 
to where I’d parked up and brought a 
torch and some spare fuses with him. 

After installing one, we tried the 
lights but blew the fuse again. Dad then 
used the torch to have a quick look at 
the work I’d done and soon found the 
culprit; the switch had slowly moved 
under the metal clamp and this had 
bridged the terminals to ground. He re- 
moved the clamp, allowing the switch 
to dangle and replaced the fuse. 

This time everything worked, and 
I won’t forget the look I got as he ex- 
plained that taking the time to mount 
components properly and insulating 
any bare terminals is always a good 
idea! 

One afternoon and in yet another 
ageing car, I had the misfortune of the 
engine cutting out in the middle of a 
large roundabout. 

The passenger and I pushed the car 
into the grass centre of the roundabout 
and after a quick look under the hood 
to determine the cause, I concluded I 
had no spark. The CDI ignition that ’'d 
proudly built and installed a month 
back must have failed. 


Servicing Wanted 


Do you have any good servicing stories that you would like to share in The Service- 


man column? If so, why not send those stories in to us? 


We pay for all contributions published but please note that your material must 
be original. Send your contribution by email to: editer@siliconehip.com.au 
Please be sure to include your full name and address details. 
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Once again I made the call of shame 
to Dad. He soon turned up in his car 
and asked why, if I suspected the new 
ignition, I hadn’t simply bypassed it 
and re-wired the old system back in, 
which on his advice I’d left intact in 
case I wanted to restore the car to its 
original state. 

I had to sheepishly admit — in front 
of my friend no less — that I didn’t 
really know how to do that, having 
not taken much notice of how it was 
before I rushed in and installed the 
other one. 

Once again I got the look, and within 
afew minutes, he had swapped every- 
thing back to factory and got the engine 
running. He followed me home just in 
case, but it was another lesson learned. 


Bitten by the flying bug 

His lifelong love of all things air- 
craft and engineering meant he was a 
natural aeromodeller. My brother and 
I also got the bug, and Dad was gener- 
ous with his skills, time and money 
to ensure we always had the best gear 
available, even though we sometimes 
tried our best to ruin it by recklessly 
flying our models way too close to — if 
not actually into — the ground. 

When I got the crazy idea to build a 
pulse-jet powered model, rather than 
talk me out of it, Dad made the gear I’d 
need to support it, like a die to mass- 
produce the thin, stainless-steel petal 
valves I would be burning out on a 
regular basis, as well as an electronic 
ignition system and a portable, com- 
pressed-air starter. 

Lighting up the garage at night as 
we test-ran that extremely loud and 
dangerous pulse jet clamped to his 
band-saw table is something I won’t 
forget in a hurry! 

Possibly his crowning model-engi- 
neering achievements were the large- 
scale, chainsaw-motor-powered P51 
Mustang model he built and flew at 
air shows and the gas-turbine engines 
he produced in the 90s. 

While you can buy a commercial 
turbine today (at considerable ex- 
pense), he built his engines himself. 
Initially utilising repurposed hous- 
ings, ceramic bearings and impellers 
from car turbochargers (to handle the 
100,000 RPM-plus shaft speeds), Dad 
experimented extensively with differ- 
ent materials, fabricating everything 
else he needed. 

His engines and models broke speed 
records and thrilled spectators at air 
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shows all over the country and he re- 
ally pushed the limits of what a skilled 
fabricator in a home workshop could 
achieve. 

All the stories and his achieve- 
ments inspired me to become an air- 
craft engineer and electronics enthu- 
siast. Through it all, Dad was always 
supportive, constantly interested and 
free with his time, his skills and his 
sage advice. 

Ishall sorely miss him. Thanks, Dad; 
job well done. 


Dishwasher repair 


J. F., of Ivanhoe, Vic, discovered that 
some repairs are not difficult, just tedi- 
ous. He had to fix a basic dishwasher 
which had wiring that wasn’t quite 
up to the job... 

Dave Thompson’s dishwasher re- 
pair story in the August 2018 issue 
reminds me that several years ago I 
virtually rebuilt the wiring on a Hoo- 
ver dishwasher. 

It was fitted with a mechanical ro- 
tary timer actuator located on the front 
of the door with bundles of leads run- 
ning down the inside of the door and 
turning 90° to go under the base to each 
of the motors, solenoids etc. 

The problem was each time the door 
was opened, the wiring bundle (with 
over thirty separate wires) was flexed 
where it came out of the door into the 
underside of the dishwasher. 

The original cables had 75°C rated 
insulation and a dishwasher can get 
hotter than that, so over time the plas- 
ticiser evaporated and the insulation 
became rigid. Eventually, the wires 
broke and went open circuit. 

At the time, I worked for a large 
manufacturer and the friendly main- 
tenance electricians suggested cabling 
with insulation rated for 105°C (this 
came in a variety of colours), so it was 
“just” a matter of replacing each ca- 
ble in turn with the higher rated ones. 

I sat the dishwasher on a set of car- 
penter’s stools to access the under- 
side components; I was used to lying 
under motor cars, so this didn’t seem 
unnatural to me. It was a laborious job 
but it fixed the problem and the unit 
lasted for many years until we reno- 
vated our kitchen. 


Tractor measurement display 
module repair 

It’s good to keep your brain active 
even after you retire. R. M. may have 
given up his technician job and moved 


Australia's electronics magazine 


to the country but he still enjoys taking 
on some of the more unusual servic- 
ing jobs. Here is the story of a recent 
repair that involved some techniques 
well outside his comfort zone... 

It has been nearly twelve years since 
Iretired from my University Electron- 
ics Technician role of forty years. My 
wife and I moved to a beautiful little 
town on the south coast of Western 
Australia, to a small farm. 

When people found what I used to 
do, they’d get a shifty look in the eye 
and say, “So you know about elec- 
tronic stuff eh? I’ve got this (electron- 
ic, electrical, electro-mechanical, me- 
chanical, not even remotely electron- 
ic) thing that doesn’t work. D’ya think 
you could have a quick look at it?” Of 
course I do. And sometimes even man- 
age to effect some sort of repair. 

It’s a good way to keep the mental 
gears spinning. Recently my friend 
Wayne, a fellow volunteer firefighter, 
asked me whether I could take a look 
at his tractor’s faulty dashboard. A trac- 
tor? Who could resist! 

It was a fairly new John Deere 
5100R, a hulking great green beast. 
The display module behind the steer- 
ing wheel has a row of coloured lights, 
two large analog dials (for road speed 
and engine/power take-off RPM), two 
smaller analog dials (fuel level and 
engine temperature) and a small LCD 
screen. 

It was this LCD that was having 
problems. Sometimes some parts of the 
display would disappear and some- 
times, all of it would be gone. 

This display shows a lot of obscure 
but useful metrics; stuff that Wayne 
often relies upon when doing contract 
spraying or seeding. 

The local John Deere agent said that 
they don’t repair these display mod- 
ules and a new one would cost around 
$2000 including GST and freight. 
Well, Wayne reckoned that was too 
expensive so he asked me whether I 
could fix it. 

My first guess was that the LCD was 
connected with one of those conduc- 
tive elastomer strips you see on DMM 
displays. Lots of vibration could have 
loosened it. I asked Wayne to bring 
the module around to my place and I 
then removed a few screws so I could 
pop open the case, giving me a better 
view of the LCD. 

It was attached to a wide, flat grey 
ribbon cable that snaked down be- 
tween two PCBs. Getting a look at 
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where it connected to the boards re- 
quired more disassembly that I was 
willing to attempt at the time. 

A quick Google search for “John 
Deere 5100R dashboard repair” 
brought up a lot of mostly useless hits, 
but there was a video of cheerful Ger- 
man techies unsoldering and replacing 

` the display using solder paste. 

I had never done that before but I 
was prepared to give ita go. A bit more 
Googling came up with a supplier for 
the replacement part, in Spain of all 
places; I passed this information on 
to Wayne. 

Several weeks later, he was back 
with the dashboard display and a card- 
board box containing the new LCD. 

We agreed that I would “give it my 
best shot” but there was no guarantee 
that this would work. In the worst 
case, he’d be down $70 (the cost of 
the replacement LCD) and my reputa- 
tion as a fix-it guru would be in tatters. 

Faced with that old demon, fear 
of failure, it was a few days before I 
could work up enough courage to start 
the job. Finally game to give it a go, I 
opened the case again. The next step 
was to remove the pointers on the four 
dials so that the display panel could 
come out. 

The dials were driven by rotary ac- 
tuators mounted on the back of the 
PGB, directly behind the display pan- 
el. The two bigger pointers had a black 
disc covering the central boss, so I re- 
moved one of the discs. 

Ithen used a pair of curved tweezers 
like a tiny crowbar between the panel 
and pointer, exerting a bit of upwards 
pressure on the pointer and it quickly 
popped off. 
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I repeated this technique to remove 
the other three pointers. I could then 
remove the panel and pull the two 
PCBs apart, which were simply joined 
by two multi-pin connectors that 
pulled apart easily. This finally gave 
me access to the PCB where the LCD 
ribbon cable attached. 

The board was well made with a 
scattering of SMDs interconnected 
with frighteningly fine tracks. The 
whole lot was covered with a hard 
clear varnish as thick and shiny as 
the sugar glaze on a toffee apple. Ex- 
cept (happily) for the area where the 
ribbon cable was attached. And yes, 
it was firmly soldered to the board (or 
so I thought). 

I had to remove the ribbon so that 
I could attach the new display. I gin- 
gerly touched the tip of my iron to the 
top of the first contact between ribbon 
and pad while being ready with twee- 
zers to lift the ribbon up. 

The reaction was rapid and alarm- 
ing — the plastic ribbon instantly 
melted and squirmed away from the 
hot iron! 

All I could do was to proceed with 
melting off this mucky ribbon. Hav- 
ing done so, it was time to examine 
the damage. 

The end of the ribbon was a sor- 
ry sight, all twisted and gnarly. But 
the solder pads on the PCB were fine 
bright gold plated. There was no sign 
of any solder! The tracks, now that I 
could see them, were not metal but 
more like some sort of printed con- 
ductor. 

It seems that the ribbon cable had 

simply been glued in place. That’s 
an easy way to guarantee fail- 
ure! It’s interesting to note 

that the version the techs 
Kh) in the YouTube video 
\\ were working on was 
definitely soldered. 

I removed the re- 
maining plastic 
residue using 
some careful 
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scraping with a craft knife and a bit 
of contact cleaner. 

I then polished the pads up with a 
touch of isopropyl alcohol and a cot- 
ton bud. I was now ready for the final 
act: soldering on the new LCD and 
ribbon. I checked it carefully and was 
infinitely pleased to see that it was in- 
deed a proper solderable type. 

But how would I hold it in place, ac- 
curately aligned with the pads while 
I applied heat? 

There were a couple of components 
annoyingly placed so as to not allow 
the ribbon to lay flat. I checked the 
video of the happy German techs; they 
had an elaborate special jig to hold 
everything sweet. 

Lacking that, I decided instead to 
use double-sided tape to hold it in 
place. I found that a thin strip of tape 
just below the pads held the ribbon 
just right. 

I had previously used the syringe 
applicator to apply 36 little blobs of 
solder paste on the 36 gold pads. Now, 
all that I needed to do was to heat the 
back of the ribbon, to melt the paste. 

After all that had gone before, the job 
that I had spent all this time working 
towards turned out to be quite anti-cli- 
matic. The paste melted immediately. 
Surface tension sucked the resultant 
liquid solder onto the pads. I ran the 
iron back and forth a few times to en- 
sure that there were no solder bridges 
and the job was done! 

With great relief, I put everything 
back together. I carefully aligned the 
pointers on zero while the actuators 
were fully counter-clockwise. 

When the final screws were in place 
and the case clicked together, I allowed 
myself to breathe again. Then I phoned 
Wayne with the possibly good news 
that I’d like to come over and see if 
the thing would now work. 

He agreed cheerfully and within half 
an hour the module was back in place 
and plugged in. Moment of truth — 
Wayne started the engine and over the 
loud diesel throb I heard him exclaim, 
“Hey look at that! The clock works. Pd 
forgotten there was a clock!” 

We ran through all the parameters 
and everything worked perfectly. 
Wayne was thrilled. I was immensely 
relieved and delighted that I’d helped 
a mate. 

And Ihad kept my reputation intact. 
“Hey, Roy,” said Wayne, “I’ve got this 
mate with a MIG welder that stopped 
working. D’ya think you could...” se 
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Handles signal diodes, rectifier diodes, 


Zeners, Schottkys, LEDs, 
photodiodes, etc! 
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Diode Curve Plotter 


Our new Diode Curve Plotter is way better than any diode testers we’ve 
published in the past; it’s very versatile and fits in the palm of your hand. 
It automatically tests diodes in both directions and plots the resulting 
current/voltage curve on a colour LCD screen. It tests zener diodes up 

to about 100V, but it can also test LEDs, schottky diodes, regular diodes, 
transient voltage suppressors and more. 


ur last Zener Diode Tester, 
ONS in the November 

2011 issue (siliconchip.com. 
au/Article/1219), was beautiful in its 
simplicity. 

But it was only able to provide a 
measurement of the zener voltage, 
and it required a separate multimeter 
to display the result. 

This new unit utilises the same 
2.8-inch colour LCD touchscreen as 
used in the Micromite BackPack from 
February 2016 (siliconchip.com.au/ 
Article/9812), but this time it’s being 
paired with an Arduino Mega board 
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and a custom PCB which provides the 
test interface. 


What it can do 


The main feature of the Diode Curve 
Plotter is that performs a full bidirec- 
tional current/voltage (I/V) sweep of 
a connected diode (or another com- 
ponent!) and display the results in 
graphical form. 

For zener diodes, the zener voltage 
and current are displayed on the screen, 
along with the zener impedance at that 
point. You can move the test point to get 
different voltage, current and imped- 
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ance readings along the curve. 

The unit can produce up to 100V at 
up to 30mA for testing diodes, provid- 
ing a wide testing range. For devices 
like LEDs, you can limit the test voltage 
and current to avoid damaging them 
during testing. It also has a specific 
LED testing mode, to make that job 
even easier. 

The plot data can also optionally be 
sent to a connected computer as rows 
of CSV (comma-separated value) data, 
allowing plots to be stored and ana- 
lysed further ifnecessary. You can plot 
and analyse this data on your PC using 
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just about any spreadsheet program. 

Getting back to the unit itself, cur- 
sors on its screen allow the operating 
point to be varied, by selecting either 
a voltage or current, allowing the op- 
erating conditions can be examined 
across the range of the plot. 

For example, you could investigate 
how a zener diode performs at points 
away from the ‘knee’ of the zener 
curve. 

The hardware scans the diode in 
both quadrants. It shows the full plot 
on the display, but only the forward 
operating point conditions are dis- 
played in detail. A “Reverse” button 
allows the plot to be flipped so that the 
reverse characteristics can be checked 
without rerunning the test. 

This is handy if the diode is con- 
nected backwards, or to check its 
behaviour in both forward and reverse 
directions. 

The unit has adjustable current, 
voltage and power limiting param- 
eters. But given that each test takes 
a few seconds to complete, even if 
these limits are set slightly high, any 
over-current or over-voltage condition 
is quite brief and unlikely to cause 
any damage. 

The LED test mode is essentially 
a constant current mode, which 
provides a set output current and it 
shows the forward voltage, power and 
voltage/current ratio for the connected 
device. 

The current and voltage limits can 
be set to the nearest milliamp and volt 
respectively, so even unknown devices 
can be probed without risk. 

If a resistor is connected, the volt- 
age/current ratio will, of course, cor- 


Colour touchscreen interface 


Simple LED testing mode 


respond to the resistance, and thus the 
diode tester can even be used as a very 
basic ohmmeter. 


How it works 


The Diode Curve Plotter is a sand- 
wich of three boards: an Arduino Mega 
or compatible board forms the bottom 
layer and provides the processing 
power, the LCD touch panel is the 
top layer, providing display and user 
interface, and the custom PCB in the 
middle contains the other parts which 
measure the parameters of the con- 
nected diode. 

By the way, the reason we are us- 
ing an Arduino Mega rather than an 
Arduino Uno in this project is that we 
need the extra flash memory space pro- 
vided by the larger chip on the Mega. 
We are not using any of the extra pins. 


High voltage generator 

As we noted, the unit can test diodes 
up to 100V but it runs from 5V DC, 
so it needs a way to generate higher 
voltages to apply to the device under 
test (DUT). 

The circuit diagram of the Curve 
Plotter is shown overleaf in Fig.1. 


Standarg 
Device 
mw (100mWtarget) 


The plotter mounted in a 


UB-3 Jiffy Box, with a laser-cut front panel 
(available from the SILICON CHIP ONLINE SHOP) to reveal the touchscreen display. 
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Features & specifications 
Tests zener diodes, LEDs, TVSs, silicon diodes, schottky diodes and more 


Tests up to 100V/30mA from 12V DC supply (can run from 5V, including USB) 
Automatically plots I/V curve in both quadrants 

Reads out current, voltage, power and impedance at any point in the curve 
Adjustable current/power limit for smaller devices with 0.4W and 1W presets 


On-screen button to show reverse characteristics 
Based on an Arduino Mega with custom shield 


Inductor L1, N-channel Mosfet Q1 
and diode D1 operate as a standard 
boost converter which is driven by 
IC2, an LM311N comparator. 

It runs from a 5V DC supply which 
is convenient, because that means you 
use a USB power bank, USB charger or 
even a PC/laptop USB port. But note 
that it may draw more than 500mA 
when testing higher-voltage, higher- 
power devices, so a computer USB 
port may drop its bundle under these 
conditions. A 1A+ charger or battery 
bank is recommended. 

The boost regulator draws power 
from the Arduino’s VIN pin, which 
is connected directly to its DC power 
jack. In case the unit is powered via 
the USB socket instead, the 5V sup- 
ply flows through schottky diode D2 
into the VIN rail, powering the boost 
converter instead. 

IC2, the LM311 comparator, is used 
both as an oscillator to drive the gate 
of Mosfet Q1 and also as a current 
limiter. Since an LM311 can only sink 
current at its pin 7 output, pin D3 ofthe 
Arduino (“BOOSTCTL”) must be high 
to enable the oscillator. This pulls pin 
7 up via the 1kQ resistor; normally, it 
is held low by a 10kQ resistor, so Q1 
is off by default. 

Since the Arduino’s D3 output is 
capable of generating a low-frequency 
PWM signal, we can switch the boost 
ircuit on and off rapidly with a vary- 
ig duty cycle to control the resulting 


“boosted voltage. 


The circuit around IC2 is nota fixed 
oscillator, but instead, it monitors the 
current passing through inductor L1 
using the 10 1W series resistor. When 
Q1 switches on, the voltage across the 
1Q resistor increases as the current 
through L1 builds and its magnetic 
field charges up, until the threshold 
set by the comparator’s resistor net- 
work is reached. At this point, Q1 is 
switched off. 

The 100kQ feedback resistor pro- 
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Fig.1: the Multi Diode Curve Plotter is based on an Arduino Mega (MOD1), a boost regulator (IC2/Q1/L1), two opto- 
isolators which operate as a controlled current source (OPTO1 & OPTO2) and a relay to reverse connections to the DUT 


(RLY1). The test voltages and current are fed back to the Arduino so it can plot the curve and display measurements. 


vides hysteresis, allowing the current to drop a small 
amount before Q1 switches on again and the cycle repeats. 
The resulting waveform has a high duty cycle, as required 
for a boost circuit with such a high output/input ratio. 

When Q1 switches off, the voltage at the end of inductor 
L1 that’s connected to its drain shoots up and so diode D1 
becomes forward-biased, charging up the 1pF capacitor to 
a much higher voltage than the incoming supply. 

This voltage is divided by 100kQ /3kQ resistors, filtered 
by a 100nF capacitor and fed to analog input ADC1 of the 
Arduino. The divider provides a voltage which is within the 
0-3.3V range of the Mega’s analog-to-digital converter (ADC). 

While the Mega’s ADC has a 0-5V range by default, we 
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are using its onboard 3.3V regulator as a more precise refer- 
ence, and so we can measure up to around 108V with this 
divider. Jumper JP1 usually feeds 3.3V into its AREF pin. 

This divider also discharges the 1F capacitor, so that its 
charge will not persist after the boost converter is switched 
off. With the capacitor charged to 100V, the 100kQ resis- 
tor dissipates around 100mW, well within the ratings of a 
small 1/4W resistor. 

Note that the 13kQ resistor connected to pin 2 of IC2 via 
a 10kQ resistor sets the maximum inductor current (ie, in 
L1) which effectively determines the maximum voltage 
that the boost generator can produce, and also affects the 
maximum current that the unit will draw. 
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So if you want to reduce the maximum test voltage (eg, 
to allow the unit to run from a USB port that can only sup- 
ply 500mA) then you can drop the value of this resistor 
to 12kQ or even slightly lower, down to as little as 11kQ. 


Test circuitry 


The test voltage is fed to the DUT via two optoisolators, 
OPTO1 and OPTO2, and relay RLY1. At the other end, the 
DUT is connected to ground via a 100Q resistor. 

OPTO1 and OPTO2 are configured as a controllable cur- 
rent source, with both collectors connected directly to the 
high voltage supply and both emitters to the DUT. Their 
photo-transistors are connected in parallel to enhance the 
amount of current they can supply to the DUT. 

Their LEDs are connected in series, so that the effective 
current transfer ratio (CTR) is doubled. They are controlled 
by a PWM signal from pin D10 of the Arduino which is fed 
to the two 620 resistors. The 100pF capacitor smooths the 
PWM signal, in combination with those resistors, so that a 
steady, controllable current flows. 

The modulated current goes to the DUT via relay RLY1. 
When its coil is energised, it reverses the connections to 
the DUT. The 100Q resistor operates as a current shunt, 
allowing currents up to 33mA to be measured against the 
3.3V reference voltage. The voltage across this shunt is 
monitored at the Arduino’s A2 analog input. 

In practice, while testing a device, the unit sweeps the 
test voltage with the relay switched on, monitoring both 
the current and voltage, then performs another sweep with 
the relay switched off, so that current flows through the 
device in both directions during a single test pass. 


Measuring circuitry 

There are four main parameters which are measured by 
the Mega’s internal 10-bit ADC. Two have already been 
mentioned: the voltage on the 1pF capacitor and the test 
current, as measured using the shunt. The other two pa- 
rameters measured are the voltages at each end of the DUT. 
Both are fed into 1MQ /30kQ voltage dividers, giving the 
same 108V maximum reading. 

These voltages are fed into the two halves of IC1, an 
LM358 op amp. By default, these are configured as unity 
gain buffers, with the 36kQ resistor in the feedback path 
having little effect. In this mode, voltages up to 108V can 
be measured with around 0.1V resolution (108V / 210). 

But there is also a 4.7kQ resistor and 1kQ resistor from 
the inverting input of each op amp to two digital pins on 
the Arduino. These are initially left floating and in this 
case, do not affect the op amp’s operation. 

But if either is pulled low by its corresponding pin on 
the micro, that changes the op amp gain to either 8.66 times 
(36kQ+4.7kO + 1) or 37 times (36kQ+1kQ + 1). This ampli- 
fies the sensed voltages, giving resolutions of around 10mV 
and around 3mV respectively, with the maximum readings 
being about 12.5V and 3V. So the gain is only increased 
when measuring lower voltages, to improve resolution. 

All ADC measurements are sampled 16 times and aver- 
aged to improve precision and stability. 

Any error due to input offset will be taken care of during 
calibration stages. 


Touchscreen interface 
The touchscreen plugs into header socket CON2. The 
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Screen1: the splash screen/main menu allows you to select 
between the two different types of tests (I/V Test or LED 
Test) and access the Settings and Calibration menus. Our 
logo is rendered with the glorious “Back to the Future” 
colour scheme! 


Screen2: the typical result of the I/V Test run on a 75V 
zener diode. A 250mW operating point is identified and 
indicated on the graph. 


Screen3: here we have selected the I/V Test option with 
a LED connected to the unit and it has performed the 
measurements and plotted the graph. It’s showing that 
10mW is achieved a forward voltage of 2.05V and a test 
current of 4.89mA. 
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5.00V 
10.00mA 
2.99V 


Screen4: in the LED test mode where the forward voltage, 
current, power and zener impedance are continuously 
updated. You can adjust the maximum voltage and current 
applied to the LED directly with the arrows below. 


Standard Device 
400mW (100mWtarget) 


Screen5: in the Settings screen where you can select the type 
of device being tested, the maximum power and the target 
(nominal) power. The four buttons at the bottom change 
these values, then you press the Back button when finished. 


fa TP1 TP3 
VHH constant 
Terminals open 
460.0 
50. 98V 


ADC: 
Value: 


Screen6: the Calibration screen reads out one of seven 
parameters, as measured by the Arduino, allowing you to 
compare them to readings made with a DMM and calculate 
coefficients to provide more accurate measurements. 
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screen is powered from the 3.3V regulated supply while 
the backlight is powered from the 5V rail. The Arduino 
controls it over two SPI (serial peripheral interface) buses. 
One is used for updating the screen and one for getting data 
from the touch sensor. 

Their MISO and MOSI (data) and SCK (clock) lines are 
connected together to share the same set of hardware SPI 
pins on the Arduino, via its six-pin ICSP header. The screen 
and touch controller have separate chip select (CS) pins, at 
pins 3 and 11 on CON2, so the Arduino can select which 
one it is communicating with by pulling one of the two 
digital outputs D7 or D2 low. 

These five lines, plus the data/control line on pin 5 of 
CON2, have 1kQ resistors connected from each pin to 
ground plus 470Q series resistors between the LCD pins 
and the Arduino. These form voltage dividers, reducing 
the 5V swing on the Arduino outputs to a 3.3V swing, to 
suit the LCD electronics. The MISO line is driven by the 
LCD so no level shifting is needed, as the Arduino will 
read 3.3V as a high level. 

The remaining five pins on CON2, the interrupt request 
line from the touch controller (T_IRQ) and the four SPI 
control lines for the SD card socket, are unused and so are 
left disconnected. 


Software operation 


While testing, the boost converter is modulated by the 
PWM signal from pin D3 to maintain a voltage at TP1 that’s 
slightly higher than the desired test voltage, but within the 
programmed limits. Then, the current through OPTO1/ 
OPTO2 is varied across the testing range. 

The difference between the voltages measured at both 
ends of the DUT plus the current through the 100Q shunt 
are recorded in an array. 

RLY1’s state is toggled to reverse the polarity of the DUT, 
and the test is repeated, after which the results are plotted 
in a graph on the screen. 

The Arduino Mega interpolates the data points to find 
the voltage and current at which the device power equals 
the selected operating point. The relevant figures are then 
shown in a small box on top of the graph, as well as draw- 
ing lines which show where that point is on the curve. 

The box display includes the voltage, current and power 
at the operating point, as well as the zener impedance, 
derived from the gradient of the voltage/current curve at 
that point. The raw I/V data is then dumped to the serial 
port, where it can be read by the PC and used for additional 
analysis. 

The details of a second operating point can be analysed 
by touching the graph along the right-hand axis. If the 
graph is touched in the first quadrant (top right), then the 
current level is selected according to the vertical position 
of the touch. 

A second info box is displayed, showing conditions at 
the new operating point. 

Similarly, touching the graph in the fourth quadrant 
(bottom right) sets the voltage according to the horizontal 
touch position and displays a similar box. 

The LED test page is much simpler, and in this mode, 
tests are run continuously. The current is modulated to the 
limit set on that page, and the voltage is maintained within 
these limits by controlling the boost circuit. 

With more screen space available, the statistics are shown 
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ina larger font and they include voltage, current and 
power at the instant of measurement, as well as the 
ratio of voltage to current. This will not correspond 
to the zener impedance, but will be a fair measure- 
ment of the resistance of a fixed resistor. 


Construction 


All of the components mount on a shield PCB, 
as shown in Fig.2. Use this overlay diagram as a 
guide while building the board. Start by fitting the 
small (1/4W or 1/2W) resistors where shown. It’s a 
good idea to measure the value of each batch before 
fitting them, as the colour bands can sometimes be 
ambiguous. 

Solder diodes D1 & D2 in place next. They are 
different types and also orientated differently. Make 
sure that you don’t mix them up and that the cathode 
stripes face in the directions shown in Fig.2. You 
can then fit the larger 19 1W resistor. 

Now install the seven capacitors, making sure 
that for the electrolytic types, the longer (+) lead 
goes into the pad marked with a + sign on the PCB 
overlay diagram and the PCB silkscreen printing. 

Since the LCD stacks above this board, all com- 
ponents must project less than 12mm above the 
top surface of the PCB. If any of your electrolytic 
capacitors are 12mm high or taller, you will need 
to lay them over on their side when you fit them. 

Note that we give two options for the 1pF ca- 
pacitor, a polyester ‘greencap’ and an electrolytic 
type. While both should work, we prefer using the 
greencap, despite the fact that it needs to be installed 
with its leads bent over to keep it under 12mm high. 
Greencaps have better performance than electro- 
lytics. But either should work, so it’s up to you. 

Fit the two ICs next. They are different types but 
come in the same package so don’t get them mixed 
up. Fig.2 shows where they go and the correct orientation 
of each. Make sure the pin 1 notch or dot is facing as shown 
before soldering the pins. Then fit the two optoisolators, 
again taking care that their orientation is as shown. 

Now mount Mosfet Q1. You will need to bend its legs 
90° to allow the body of the Mosfet to sit flat. Before at- 
taching to the board with a 6mm machine screw and nut, 
check whether that screw will foul the USB socket on your 
Mega board once the two are plugged together. If so, you 
will need to omit the mounting screw. 

Once you’ve sorted that out, ensure the writing on the tab 
is facing upwards and then solder its leads. Telecom-style 
relay RLY1 is installed next, with its pin 1 stripe the left 
as shown. Then fit inductor L1, which is not polarised, so 
its orientation is not critical. Ensure that it is not too tall 
when installed; it may need to be laid on its side to keep it 
under the 12mm limit. Then solder pin header JP1 in place. 

The four SIL pin headers for connection to the Arduino 
can all be snapped from a single 40-pin header. The easiest 
way to mount them to the board is to plug them into the 
Mega board, the slot the shield PCB over the top to ensure 
that everything is square and flush before soldering them 
in place. Note that they are inserted through the bottom of 
the PCB and soldered on the top side. 

Use the same technique to solder the 2x3 female header 
to the board; again, it is mounted on the underside. 
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Fig.2: this component overlay echoes the silk-screen printing 
on the PCB surface as shown below - between the two you 
should have no problems constructing the shield. 


SILICON 
CHIP 


Note that you could use a stackable header set, such as 
Jaycar’s HM3208, rather than the standard pin headers 
specified. But that is likely to change the overall height 
of the unit, and it may no longer fit in the specified case. 

Use a similar technique to fit the 14-way female header 
which connects the LCD to this PCB. It goes on top of the 
board. Plug it onto the LCD header, then mount the LCD 
on the shield board using three 12mm tapped spacers and 
six 6mm long M3 machine screws — don’t attach it in the 
upper-right corner, ie, there is no spacer mounted near IC2. 
Then solder the header in place. 

The 2-way female header is used for CON1, which con- 
nects to the device under test. We found this type of header 
ideal for this purpose, as most smaller component leads 
simply plug into the sockets. However, you could chassis- 
mount banana sockets instead, and wire them back to the 
pads for CON1. 

You may wish to solder extension leads to the pins of 
CON1 before fitting it, to make the top of the socket level 
with the top of the LCD once assembly is complete. That 
allows it to project through the hole provided in the laser-cut 
lid. But if you do so, insulate the wires with short pieces 
of heatshrink tubing or similar, keeping in mind that there 
can be around 100V between them during operation. 

That completes the assembly of the shield board. Once 
this is done, double check your soldering. Given that the 
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board can generate over 100V, you don’t want a small er- 
ror on the PCB to feed that back into your computer. You 
may wish to use a USB Port Protector such as the one we 
described in May 2018 (siliconchip.com.au/Article/11065) 
a kit is available — SILICON CHIP ONLINE SHOP Cat SC4574). 

Unplug the shield/LCD assembly from the Arduino Mega 
now, as it’s best to keep the boards separate until the Mega 
has been programmed, especially if the Mega has previously 
been programmed for another project. 

Connect the Mega to a computer using an appropriate 
USB cable; most Megas have USB Type-B full-size sockets 
so you will need a Type-A to Type-B cable. 


Installing the software 

To install the software on the Mega, you need the Ar- 
duino IDE (integrated development environment) installed 
on your computer. The IDE includes a compiler and serial 
programming software, allowing the source code to be com- 
piled and sent to the Arduino. The IDE can be downloaded 
from www.arduino.cc/en/Main/Software 

We are using Arduino IDE version 1.8.5 but a newer ver- 
sion may be available by the time you check the download 
page. 

Since we have written many of the libraries for this pro- 
ject ourselves, we have included all the necessary files in 
the sketch folder. Download the zip file from the SILICON 
CHIP website and extract the contents to a suitable location 
such as your “Documents” or home folder. 

Open the “Zener_Diode_Tester.ino” sketch file using the 


1 double-sided PCB coded 04112181, 99mm x 60mm 


1 UBS Jiffy box (included lid not required) 

1 3mm laser cut Acrylic lid [SILICON CHIP ONLINE SHOP Cat SC4927] 
1 2-pin female header (CON1) 

1 14-way female header (CON2) 

1 2-pin header with jumper shunt (JP1) 

1 6-pin, 2 8-pin & 1 10-pin header (to connect to Arduino) 

1 2x3-pin female header (to connect to Arduino ICSP header) 
1100H bobbin type inductor (L1) 


112V 1A (or higher) plugpack with centre positive 2.1mm tip 
2 M3 x 20mm Nylon panhead machine screws 
3 M3 x 12mm tapped Nylon spacers 

4 M3 x 10mm panhead machine screws 

7 M3 x 6mm panhead machine screws 

2 M3 Nylon hex nuts 

2 M3 hex nuts 
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Parts list - Arduino-based Multi Diode Tester 


1 Arduino Mega R3 board or equivalent [Jaycar XC4420, Altronics Z6241] 
1 2.8-inch LCD touchscreen [SILICON CHIP ONLINE SHOP Cat SC3820] 


1 DPDT relay with 5V DC coil and 250VAC-rated contacts, DIP-10 (RLY1) 


WARNING: 


Do not touch any component 


leads while the unit is 
operating. 100V is enough 
to give you a bite! 
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This photo, along with the one opposite, 
shows how the three boards are 
“sandwiched” together — the Arduino 
Mega board on the bottom; the new 
shield board in the middle (green) and 
the 2.8-inch LCD touchscreen on top. 

It is designed to fit in a UB3 Jiffy box 
with a new laser-cut Acrylic lid. Note 
the connectors on the Mega board in 
the photo opposite — the USB on the left, 
and the DC power input at right. 


IDE. From the Tools menu, under Board, select “Arduino/ 
Genuino Mega or Mega 2560”. Then choose the appropriate 
serial port from the Tools -> Port menu. Click Upload or 
press Ctrl-U to start the compile and upload process. This 
may take a minute or two. 

Unplug the USB cable and place the jumper shunt over 
the two pins of JP1 so that it is closed. Plug your shield 
PCB onto the Arduino Mega and then attach the LCD to the 
top of the PCB (if it isn’t already attached). You are then 
ready for testing. 


Testing and touchscreen calibration 


Plug the USB cable back into the computer or if you have 
a 12V DC plugpack handy, use it instead. Ensure that the 
screen illuminates and displays the main menu page with 
the SILICON CHIP logo. The Mega can have a start-up delay, 
so don’t be alarmed if nothing happens for a few seconds. 

The sketch is written with a default touch panel calibra- 
tion. Try pressing some buttons on the touchscreen and 
check that they respond as expected. If you find that they 
don’t, or the touchscreen calibration seems inaccurate, or 
it is not responding to touch at all, you will need to use our 
provided calibration sketch to calculate new touch panel 
calibration parameters. 

By the way, we’ve seen some 2.8-inch touchscreens 
which look more or less identical to others but the touch 
panel axes are reversed. If you have one of those, you will 
definitely need to go through the calibration process. 

To do this, open the “AVR_LCD_BackPack_Touch_ 


Semiconductors 

1 1N4004 400V 1A diode (D1) 

1 1N5819 schottky diode (D2) 

1 LM358 op amp, DIP-8 (IC1) 

1 LM311N high-speed comparator, DIP-8 (IC2) 

2 PC817 optoisolators, DIP-4 (OPTO1,0PTO2) 

1 IPA60R520E6 700V N-Channel Mosfet (Q1) 
[SILICON CHIP ONLINE SHOP Cat SC3298] 


Capacitors 

1 100pF 10V electrolytic 

1 1pF 450V electrolytic or 
250V polyester “greencap” 


3 100nF MKT or ceramic 

2 10nF MKT or ceramic 

Resistors (all 1/4W 1% unless otherwise stated) 
21MQ 2100kQ 236kQ 2 30kQ 

1 13k 6 10kQ 2 4.7kQ. 1 3kQ 
91kQ 64700 11000 2 620 


110 1W5% 
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Calibration.ino” sketch and upload it to the Mega using 
the instructions above. Open the Serial Monitor from the 
Tools menu (or by pressing Ctrl-Shift-M) and set the baud 
rate to 115,200. 

Following the instructions on the screen, use “1” (fol- 
lowed by Enter to send the command) to perform the 
calibrations. Then use “2” to test that the new calibration 
is accurate. Copy the new calibration constants from the 
Serial Monitor to the clipboard, as shown in Fig.3. 

Now re-open the original “Zener_Diode_Tester.ino” 
sketch and open the “backpack.h” tab. Find the lines in 
the code which are shown in Fig.4. Replace the existing 
calibration constants with the new values you copied 
earlier, save the updated sketch and then upload it to the 
Mega. You are now ready for final testing. 


Checking voltages and currents 


Note as you read the following, that if you are using a 
computer USB port to power the unit during testing and 
calibration, some of the voltages mentioned below may 
not reach 100V and the unit may reset, due to the limited 
current capabilities of that port. 

Start by clicking the Calibration button and use the Previ- 
ous and Next buttons to scroll through the various items. 

In the top-right corner, the display shows where to con- 
nect your multimeter test leads to read the appropriate 
voltage. The second line indicates the name of the value 
being tested. The third line indicates whether the test ter- 
minals should be open or short-circuited. 

They should be short-circuited for the current test (eg, 
using your DMM in current measurement mode); otherwise, 
there is no path for the current to flow. 

The first item to be checked is the output of the high- 
voltage generator, and this should be up around 100V, 
with an ADC value in the 900s. If this is the case, the high 
voltage system is working. If not, check (after powering off 
the unit) for wiring faults around the right-hand edge of 
the board, particularly around Q1 and L1. 

The next three items measure the voltage at the positive 
test terminal with various gain settings. Using a DMM, 
measure the voltage at the positive terminal of CON1 
(shown in Fig.2 and on the PCB) relative to TP3 (GND) and 
check that you get a reading that’s close to the one shown 
on the screen. 

The three following items are the negative test terminal 
voltage at its three different gain settings. Use the same 
technique as above to compare your readings to those shown 
on-screen. Any significant deviation in these voltages from 
reality indicates a problem in the vicinity of IC1. 

The final item is the current reading, and as noted, it will 
only work if there is a path for the current between the test 
terminals. So switch your DMM to current measurement 
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foc} COM19 (Arduino/Genuino Mega or Mega 2560) 


2 for test 
3 for default values 


Press anything on serial to exit. 


for calibration 
for test 
for default values 


Fig.3: after running the touch calibration sketch and 
following the instructions, the highlighted text appears on 
the serial console. 


© Diode Tester_100V19 - backpack.h | Arduino 1.8.5 = o x 
File Edit Sketch Tools Help 


backpack.h 


//eouch cals probably need full ‘matrix’ solution 
#define Z_TOUCH THRESHOLD 100 


#define TOUCH_OVERSAMPLE 16 


g 


Fig.4: you then replace this portion of the main sketch 
with the text copied from Fig.3 above so that it uses the 
new touchscreen calibration. 


€ Diode_Tester_100V19 | Arduino 1.8.5 - o x 


Eile Edit Sketch Tools Help 


Diode_Tester_100V19 


| #define VIEST2B (A0) 
#define ITEST (A2) 
define VHHA (Al) 


//Calibration constants 

float VHHconst=0.166; // Véade count 

float VTESTlconst{4}={0,0.166,0.0182, 0.00449}; //3 gain settings V/ade count 
float VIEST2const[{4]=({0,0.166,0.0182,0.00449}; //3 gain settings V/ade count 
float ITESTconst=0.0446; // mB/ade count 

char gainModel=2; 

char gainMode2=2; 


float taxrgetPower=10; Jim = V x mA 


define SAMPLECOUNT 40 {v 


Fig.5: this is the section of the main sketch where you can 
change the calibration parameters, just below the comment 
reading “//Calibration constants” 
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(milliamps) mode and connect it across 
CON1. The displayed current should 
be around 30mA, with an ADC reading 
around 900. Compare this to the read- 
ing on your DMM. It should be close. 

If you don’t get any current reading 
or it is wildly off, then you may have 
a problem with the circuit around the 
optoisolators. 

To calibrate the unit, step through 
each reading and record the ADC value 
shown and an accurate measurement 
of the voltage (or current) using your 
DMM. Then divide the voltage or cur- 
rent value by the ADC reading, and 
write this value down. 

The unit is then calibrated by modi- 
fying the scaling values in the sketch 
itself. This part of the code is shown in 
Fig.5. It’s near the top of the file. Find 
those lines and change the values to 
those you wrote down. 

If the values you have are signifi- 
cantly different from the defaults, you 
may have a problem with your board, 
or you might have made a mistake in 
calculating these values. 

Performing this calibration adjusts 
the software to be accurate with the 
particular components on your board 
(eg, the exact resistor values). 

After the values have been edited, 
the sketch will need to be uploaded 
again, as per the earlier instructions, 
to allow the new values to take effect. 


Completing assembly 


Once you are satisfied that the unit is 
calibrated and working correctly, it can 
be fitted in its case. Start by removing 
the screws holding the LCD screen onto 
the tapped spacers, then temporarily 
unplug the screen. 

Now plug the shield into the Ardui- 
no Mega and secure the two together 
using the specified Nylon machine 
screws and nuts, through the mounting 
holes near Q1 (adjacent to the Arduino 
SCL pin) and near the Arduino A5 pin. 

Next plug the LCD back into the 
shield but don’t attach it using screws 
just yet. Slot the laser-cut lid panel 
over the LCD screen, then feed 10mm 
machine screws through the panel and 
LCD, into the three tapped spacers 
below. 

Use the fourth 10mm machine screw 
and single nut to hold the lid onto 
the LCD screen using the remaining 
mounting hole, in the upper-right 
corner. 

If you aren’t planning to read meas- 
urement data out to a computer via 
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the serial port and you are using the a 
plugpack supply, then you only need 
to make a hole in the box base for the 
DC power jack. Otherwise, you will 
also need to make a cut-out to access 
the USB socket. 

Make the holes in the lower half of 
the UB3 case as using the drilling dia- 
gram (downloadable from siliconchip. 
com.au) as a guide. Finally, attach the 
lid to the top of the box using the sup- 
plied self-tapping screws. 


Using it 

This device will test just about 
any type of diode including standard 
silicon diodes, schottky diodes, LEDs 
and unidirectional or bidirectional 
transient voltage suppressors. 

Having connected the device to both 
of the test terminals, press the I/V Test 
button on the screen. 

You should hear two clicks and the 
graph will be displayed. If you have in- 
serted the component backwards, press 
Reverse to swap the plot around. You 
can also touch the graph on the touch- 
screen to display figures for various 
voltages and currents. Cursors appear 
to show the point being touched and 
the relevant information is displayed 
in a second box on the bottom left of 
the screen. 

Pressing Back returns to the main 
menu page. From there, press the LED 
Test button to start the LED test. 

The voltage and current limits are set 
using arrow buttons at the bottom of 
the screen. These are soft limits which 
are controlled by the microcontroller, 
so the readings may occasionally drift 
above these settings. If this occurs, a 
small red asterisk is shown to alert you 
to that fact. 

The high voltage rail value is shown 


at the bottom of the screen, and the 
current device operating conditions 
are shown along the right-hand side 
of the screen. 

Press Back again and then press Set- 
tings to go to the settings page. This 
sets the various parameters for the I/V 
Test mode (the LED test mode has its 
settings shown on that screen, as ex- 
plained above). The Previous and Next 
buttons scroll between various items, 
while the Up and Down buttons change 
the values of those items. 

There are seven settings available. 
The first allows you to select either a 
400mW or 1W zener; it automatically 
sets the maximum and target power 
settings. If this is set to “Manual” in- 
stead, the next two items can be used 
to set the maximum and target power 
manually. 

The following two items allow you 
to manually set a conservative current 
and voltage limit for I/V tests. When 
running I/V tests, the test is stopped 
if either of these limits is exceeded. 

The final two items set the scale of 
the graph. If, for example, the voltage 
scale is set to 10V, then the horizontal 
axis of the graph will span -10V to 10V. 

Any time the “Back” button is 
pressed from the Settings page, the 
settings are saved to EEPROM. The 
program uses a clever update method 
so that EEPROM is not rewritten unless 
necessary, so going into the Settings 
menu and then exiting without making 
any changes will not cause any wear 
on the EEPROM. 

In any case, the EEPROM is rated for 
at least one million rewrites per cell, so 
you would have to spend a very long 
time making changes before you're 
likely to run into any problems with 
the EEPROM! se 


Resistor Colour Codes 


Qty. Value 4-Band Code (1%) 
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brown black green brown 
brown black yellow brown 
orange blue orange brown 


5-Band Code (1%) 

brown black black yellow brown 
brown black black orange brown 
orange blue black red brown 


orange black orange brown orange black black red brown 
brown orange orange brown brown orange black red brown 


brown black orange brown brown black black red brown 
yellow violet red brown 
orange black red brown 
brown black red brown 
yellow violet brown brown 
brown black brown brown 
blue red black brown 

brown black gold gold 


yellow violet black brown brown 
orange black black brown brown 
brown black black brown brown 
yellow violet black black brown 
brown black black black brown 
blue red black gold brown 
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This newest Arduino FPGA board sports a 48MHz 32-bit processor with 256KB 
flash and 32KB RAM, extra flash and RAM, onboard WiFi and Bluetooth, 
HDMI video output and camera interface connectors, a battery charge 
controller, cryptography chip and a large field programmable gate array 
(FPGA). It can be plugged directly into a breadboard for experimentation. 


rduino boards are very popu- 
År and have spawned many 

clones and copies. There is 
no doubting the attractiveness of the 
ATmega328-based Uno and its other 
8-bit relatives such as the Mega and 
Nano (both described in the December 
2018 issue; see siliconchip.com.au/ 


But the Arduino company has not 
stood still and they continue to release 
even more powerful boards. 

The Arduino MKR Vidor 4000 is 
their latest product. They have released 
quite a few boards since the Uno, but 
none have reached the same level of 
popularity. 

Many of the newer boards, such as 
the Due, now use 32-bit ARM processor 
rather than the 8-bit AVR chip, and the 
MKR (short for “maker”) series of boards 
have also changed to a more compact, 
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breadboard friendly pin layout. These 
new chips have a 3.3V maximum sup- 
ply voltage and have 3.3V I/O levels, 
compared to a typical 5V for the AVRs. 

The newer boards have many extra 
features compared to the Uno/Nano/ 
Mega, especially for wireless communi- 
cations, as it is expected that these de- 
velopment boards will be used in “IoT” 
(Internet of Things) type applications. 


Vidor details 

The Vidor’s main processor is a 
Microchip ATSAMD21 (ARM Cortex- 
MO+ processor), with 256kB of FLASH 
memory and 32kB of SRAM. It oper- 
ates at 48MHz and has 22 I/O pins. As 
mentioned above, these I/Os have a 
3.3V swing. 

It has 12 pulse-width modulation 
(PWM) outputs, seven inputs to the 
analog-to-digital converter (ADC) anda 
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single 10-bit digital-to-analog converter 
(DAC) which can be routed to a specific 
pin. It can also operate as a USB device 
or host. 

There’s also an 8MB RAM chip and 
2MB flash memory chip on the board, 
in addition to the central processor’s 
internal memory. 

The Vidor includes a U-BLOX NINA 
W10 WiFi/Bluetooth module. This is 
a variant of the ESP32 IC, the bigger 
brother of the ESP8266 (described in the 
April 2018 issue; see siliconchip.com. 
au// 2). This contains an 
embedded 32-bit microcontroller which 
could, on its own, be programmed by 
the Arduino IDE. 

The same WiFi/Bluetooth module 
also appears on the new Uno WiFi Rev2 
board, released around the same time 
as the MKR Vidor 4000. 

The Uno WiFi Rev2 retains the 
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classic Uno form factor but uses the 
slightly more powerful ATmega4809 
8-bit processor. That would be a good 
one to use if you are familiar with the 
Uno and need the WiFi feature but not 
any of the other features of the Vidor. 

Helpfully, the Vidor pin numbers 
are printed on the side of the headers, 
including alternative pin functions (eg, 
SPI and I?C) as appropriate. This is 
necessary because there is little room 
on the top of the PCB itself for pin 
designations. 

Most of the pin designations are also 
printed on the underside of the board. 

The main components of the 
board are highlighted in the adjacent 
photos. Items of note include the TI 
BQ24195LRGET battery charger IC and 
the Microchip ATECC508A Crypto- 
authentication IC. The ATECC508A 
provides hardware acceleration of AES 


yo90C AMY 


Similarly, here is the underside of the board with maor components identified. 
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Like many recent Arduino boards (and unlike the early ones), 
it’s built almost entirely from surface-mount devices. This view 
shows the top side of the PCB and identifies major components. 
Both of these labelled photos are shown significantly over size 
(for clarity - actual PCB size is only 83 x 23mm, as shown inset at 


GPIO CryptoAuthentication 8MB 
Header IC RAM IC 


and other secure network connections 
such as TLS, and is connected to the 
micro via an I?C bus. 

The battery charger IC connects to 
the USB port and can detect the USB 
host’s charging capability. The IC also 
connects to the ATSAMD21’s I?C bus 
for charge control and monitoring. 

The underside of the board also 
sports two unpopulated headers. There 
is a space for a six-pin 0.1-inch pitch 
header and a ten-pin 0.05-inch pitch 
header. 

Both of these sets of pads are routed 
to the ATSAMD21, for access to the 
Serial Wire Debug (SWD) and JTAG 
debugging/programming interfaces. 


Onboard FPGA 


But the most unusual feature of this 
Arduino board is that it incorporates 
an Intel Cyclone 10CL016 FPGA. The 
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FPGA is hooked up to most of the board 
I/O pins, as well as the micro HDMI 
socket and the MIPI camera connector. 

This FPGA gives the MKR Vidor 
4000 capabilities beyond a plain mi- 
crocontroller, but perhaps not quite as 
advanced as a fully-fledged computer. 

A Field Programmable Gate Array is 
an array of logic gates (like practically 
any logic IC or even microcontroller) 
which is programmable after it has left 
the factory (ie, “in the field”). 

Being an array of gates, in effect, 
everything on an FPGA happens in 
parallel, rather than in a serial, one- 
at-a-time fashion as is the case with 
microcontrollers. 

This means that FPGAs are great for 
digital signal processing, such as audio 
and video compression/decompres- 
sion, and even Al-like tasks such as 
image recognition. 


a 
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Fig.1: the board profile for the Arduino MKR Vidor 4000 
can be found by searching for “vidor” in the Arduino IDE’s 


Boards Manager window. 


In theory, given enough internal 
gates, an FPGA can provide the func- 
tionality of just about any digital IC, 
and in fact, FPGAs are often used in 
the design stage of ASICs (application 
specific integrated circuits), including 
some CPUs, to test the design before 
the final chips have been manufac- 
tured. 

What that means in practice is that 
the FPGA can be reprogrammed to 
provide different hardware functions 
depending on what is needed for the 
project at hand. 

In terms of complexity, program- 
ming an FPGA is a step above program- 
ming a microcontroller. But with the 
Vidor 4000, you don’t usually need to 
worry about that. 

The Arduino integrated develop- 
ment environment (IDE) contains 
pre-compiled FPGA software or “IP 
blocks” which are loaded into the flash 
memory during the upload process. 
Just like libraries, they provide func- 
tions that can be controlled from the 
Arduino program but do not need to 
be understood at a deep level. 

Out of the box, the FPGA provides 
access to the HDMI and camera fea- 
tures on the board, amongst others. But 
what the FPGA adds in broad terms is 
peripherals. 

It is possible to use the FPGA to ac- 
cess extra PWM, I?C, SPI and UART 
channels, and these peripherals can be 
configured to operate on any I/O pin. 

At the moment, Arduino libraries 
for the MKR Vidor 4000 may configure 
the FPGA, splitting some of the tasks 
between the main processor and the 
FPGA. 

While the concept of IP blocks does 
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WIFININA by Arduino Version 1.3.0 INSTALLED 

network connection (local and Internet) with the Arduino MKR WiFi 1010, Arduino MKR VIDOR 4000 and Arduino UNO 
WiFi Rev.2. With this library you can instantiate Serv 
connect either to open or encrypted networks (WEP, WPA), ‘The IP address can be assigned statically or through » DHCP. The 


ers, Clients and send/receive UDP packets through WiFi. The board can | 
| 
t 
| 


Fig.2: we recommend installing these three libraries to use 
with the MKR Vidor 4000. There don’t appear to be any 
third-party libraries specific to the Vidor just yet. 


not sound like it is consistent with the 
open-source ethos that the Arduino 
software is known for, the process 
for creating IP blocks is open-source. 
However, as yet, few people are creat- 
ing open-source IP blocks. 

We understand that soon it will be 
possible to create more features for the 
FPGA using a web interface and cloud- 
based compiler, although this will 
likely be in a very different language 
to the usual Arduino IDE. 

It is expected that contributed IP 
blocks will greatly expand the useful- 
ness of the MKR Vidor 4000. 

Information about creating IP blocks 
can be found at: https://github.com/ 
vidor-libraries/VidorBitstream 


Getting hold of a Vidor board 


Before we could try the Vidor out, 
first we actually had to get one, which 
turned out to be a bit harder than 
expected. 

When we ordered our MKR Vidor 
4000 board from element14, we were 
required to complete an import dec- 
laration, stating that we would not re- 
export the unit, nor use it in chemical, 
biological or nuclear weapons and that 
the unit would not be supplied to a 
military end user. 

Unfortunately, this meant that we 
had to put aside our plans for world 
domination. 

Having completed the declaration, 
we received the unit not long after. 
Besides the board itself, we got a small 
sheet of Arduino stickers in the box 
and a product guide with warranty 
and RoHS-compliance information. 

If you are familiar with the Uno, the 
first thing that will strike you is how 
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small the Vidor is. It’s about half the 
size of the Uno and is fitted with two 
rows of stackable headers. We attached 
the unit to a 400-hole breadboard to 
avoid damaging the pins underneath. 


Software 


As with other Arduinos, to program 
the MKR Vidor 4000, you need the 
Arduino IDE software. This includes 
a code editor, compiler and upload 
tools. 

Although there is some basic exam- 
ple code available for the MKR Vidor 
4000, we would suggest some experi- 
ence with a simpler board (such as an 
Uno) before trying to work with the 
MKR Vidor 4000. 

We are currently using Arduino IDE 
version 1.8.5, which appears to be the 
same version as shown in many of the 
MKR Vidor 4000 examples. 

Although no version number is 
given as a minimum requirement for 
working with the Vidor, you need ver- 
sion 1.6.4 or later to use the Boards 
Manager tool (which we highly recom- 
mend for ease of use). 

The IDE can be downloaded from 
www.arduino.cc/en/Main/Software 
but there is also an online-only ver- 
sion of the IDE which you can access 
at https://create.arduino.cc/ (you need 
to create an account on that website 
before you can use it). 

Once the IDE is installed, the MKR 
Vidor 4000 Board Profile needs to be 
installed. The Boards Manager (found 
under the Tools -> Board -> Boards 
Manager... menu) is the easiest way 
to do this. 

Inside the Boards Manager, search 
for “vidor” (see Fig.1), click on the 
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Vidor bitstream version: 1020109 
number of devices 9 

1 02000000 MB DEV _GPIO 

1 03000000 MB _DEV_GFx 

4 04000000 MB DEV _I2c 

6 05000000 MB DEV SPI 
9 
1 
4 


06000000 MB_DEV_UART 
08000000 MB _DEV_SDRAM 
09000000 MB DEV NP 
11 0A000000 MB DEV_ENC 
0 08000000 MB DEV REG 
Pin AO is HIGH 
Pin AO is LOW 


Done. 
Found 2 device(s). 


€ COM41 (Arduino MKR Vidor 4000) - Qo x 


Found 7 bit address: 96 (0x60) 
8 bit write address: 192 (0xC0Q) 
8 bit read address: 193 (0xcl) 
Found 7 bit address: 107 (0x6B) 
8 bit write address: 214 (0xD6) 
8 bit read address: 215 (0xD7) 


Autoscroll 


v. | dear output | EA Autoscroll 


[Bohn acr v] [9600baud v] | Gear output ] 


Fig.3: this shows the output of “VidorTestSketch”. It lists 
which IP Blocks are currently loaded into the FPGA. The 
list includes support for numerous peripherals. 


option shown and click install. 
This can take a while, as the entire 
SAMD21 toolchain needs to be in- 
stalled. 

Under Windows, this also installs 
the MKR Vidor 4000’s USB drivers. 
For macOS and Linux, no drivers are 
needed. 

Once the Board Profile is installed, 
we recommend adding some of the 
Vidor-specific libraries as well. 

These can be installed using the 
Library Manager (found under Sketch 
-> Include Library -> Manage Li- 
braries...). Again, simply search for 
“vidor”. 

We suggest you install the Vidor- 
Peripherals, VidorGraphics, and 
WiFiNINA libraries — see Fig.2. The 
USBBlaster library is a tool used for 
updating the FPGA if you are de- 


Above: the output of the “VidorDrawLogo” sketch on an 

HDMI monitor. The display has a resolution of 640 x 480. 
Right: the “VidorQrRecognition” sketch can identify and 
mark, but not decode, QR codes. 
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veloping your own IP Blocks, and is 
otherwise not needed. 


Adding some extra hardware 

We’re intrigued by what can be 
achieved by adding a camera to an 
Arduino board, but there isn’t much 
information about what cameras will 
work, except that camera needs to plug 
into the board’s “MIPI” connector. 

Since this connection appears to be 
the same as the commonly available 
Raspberry Pi cameras; we tried one and 
it worked fine. The camera we used 
has “Rev 1.3” printed on it. 

These flexible flat cables (FFC) can 
be fiddly to plug in. Ensure that the 
contacts on the camera cable face 
down (towards the Vidor PCB), push 
the cable in as far as possible and then 
squeeze the black and brown halves of 
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Fig.4: an I?C scanner sketch shows two devices on the board 
that are pre-connected to the I?C bus. These are the Crypto- 
authentication IC (0x60) and battery charge IC (Ox6b). 


the connector together. 

The Vidor also has a Micro-HDMI 
(type D) socket, so to connect to a 
monitor, you will need a Micro-HDMI 
to full-size HDMI adapter, or a suit- 
able cable. 


What can it do? 


Now let’s look at what we can do 
with all this extra hardware. There 
are a few example sketches that are in- 
stalled along with the aforementioned 
libraries. The WiFi examples are nu- 
merous, but we won’t delve into these; 
the WiFi capabilities of this board are 
similar to many other boards. 

In fact, given that the WiFi function 
is supplied by an ESP32 compatible 
module, the capabilities and inter- 
face will be practically identical to 
the ESP32 based boards that can be 
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programmed by the Arduino IDE. 
There are six distinct examples provid- 
ed within the two main Vidor libraries. 
The examples can be found under File 
-> Examples -> VidorGraphics and File 
-> Examples -> VidorPeripherals. They 
only appear when “Arduino MKR 
Vidor 4000” is selected in the Tools 
-> Board menu. 

You may need to scroll down if 
you have a lot of libraries or boards 
installed. 

Having loaded an example sketch, 
select the correct serial port from the 
Tools -> Serial Port menu and then 
press Ctrl-U to compile it and upload 
it to the Vidor board. 

One thing we found with the exam- 
ples is that they all include the line: 


while (!Serial) ; 


This means that the Serial Monitor 
needs to be opened before the program 
will proceed. For these examples, it 
worth having the Serial Monitor open 
to watch the sketch report what it’s 
doing, but we were surprised to see 
the basic HDMI example fail to output 
video just because we had not opened 
the Serial Monitor yet. 

We tried the “VidorDrawLogo” 
example first. It displays the Arduino 
logo displayed on an attached HDMI 
monitor. 

Interestingly, a much clearer ver- 
sion of the logo can be seen for about 
a second before this; it appears that 
the Vidor has its own splash screen 
built in, too. 

While hardly extraordinary, this is 
a great example of how simple it is to 
drive an HDMI monitor. 

If you have previously used any 
graphics type displays with the Ar- 
duino IDE, the drawing commands 
will be familiar. Although basic, we 
expect people will use this feature to 
create video games. 

We tried the “VidorEnableCam” 
sketch next. It takes the video stream 
from the camera and displays it on the 
HDMI monitor. 

Next, we tried the “VidorQrRecog- 
nition” sketch. We found a QR code 
and held it in front of the camera. The 
result is seen in the adjacent photo. 

It appears that this sketch will detect 
a QR code, but not decode it. The three 
marker points are found and flagged 
with a cross, but the code does not 
have any means of decoding QR codes. 

This would be a handy tool for an 
Arduino board to have (being able to 
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read linear barcodes would also be 
useful), but it seems to be just a proof- 
of-concept. 

Still, the ability to overlay graphics 
over a camera stream raises some excit- 
ing possibilities for video processing. 

We did not try the “VidorNeoPix- 
elMatrix” (for driving serially ad- 
dressable RGB NeoPixels) or “Vid- 
orEncoder” (for reading quadrature 
encoders) examples, but the intent of 
these demos is clear. 

Both these tasks require very tight 
timing considerations to work cor- 
rectly. 

By offloading these duties to the 
FPGA, the main processor can focus 
on doing what it needs to do, but with- 
out needing to deal with time-critical 
peripherals directly. 

The final example is named “Vid- 
orTestSketch”. It demonstrates using 
both the central processor and FPGA 
to control the I/O pins and shows some 
information about the IP blocks in the 
FPGA - see Fig.3. 


Further experiments 


While the “VidorQrRecognition” 
example shows that it is possible to 
process video data with the MKR 
Vidor 4000, inspection of the source 
code shows that there is no easy way 
to access the contents of the camera 
video stream. 

The video processing is done using 
the FPGA and so is hidden in the IP 
Block. 

While it’s possible to lay graphics 
over the camera stream using regu- 
lar Arduino code, manipulating and 
interacting with the video appears to 
be out of reach at the time of writing. 

One example of the potential use of 
such processing would be to perform 
chroma key processing of video. 

Also known as “green screen” or 
“blue screen”, this involves replac- 
ing the colour-coded background of a 
video stream with a different image. 
For pixels that match the key colour 
(ie, blue or green, depending on the 
implementation), the background im- 
age or video is shown instead. 

You would be familiar with this 
effect from its widespread use in TV 
weather broadcasts. 

If we could read the contents of 
the camera stream, then it would be 
a simple case of checking each pixel 
and displaying the foreground or 
background as appropriate. 

This would actually be an ideal task 
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for the FPGA, and we may see a future 
IP Block providing this feature. 


On the bus 


We also noted that the battery 
charge IC and crypto-authentication 
IC are connected to the I?C bus of the 
ATSAMD21. We ran an I?C scanner 
sketch to see if there were any other 
devices. The results are shown in 
Fig.3. According to the datasheets, the 
device at Ox6B is the battery charge IC, 
and the device at 0x60 is the Crypto- 
authentication IC. 

The specs of the battery charge IC 
indicate that it is a switchmode device 
operating at 1.5MHz with an adjust- 
able charge current of up to 2.5A and 
efficiency up to 92%. 

It can operate from 5V USB power 
or 3.9-17V DC. 

It also provides a boost regulator 
which can be used to provide a 5V rail 
from a single-cell lithium-ion battery 
and a host of other charge management 
and power management features. 


Verdict 


The Arduino MKR Vidor 4000 looks 
like it’s a very capable device but it’s 
a pity that so much of its power is 
locked up in the “black box” of the 
FPGA IP Blocks. 

This means that the examples pro- 
vided don’t really demonstrate what it 
is capable of. Having said that, being 
able to draw reasonably high resolu- 
tion (for an Arduino) graphics to an 
HDMI display is an excellent feature 
in its own right. 

We expect that as more people de- 
velop IP Blocks, we will see some great 
applications for the Vidor. 

An FPGA is well suited for highly 
parallel tasks such as image recogni- 
tion and it will be interesting to have 
such a feature available on something 
smaller than a fully-fledged computer 
or small-board computer (SBC) like the 
Raspberry Pi. 

Just as the multitude of third-party 
libraries has made the Arduino ecosys- 
tem so flexible, we hope that the com- 
munity will create some great libraries 
for the FPGA side of this board as well. 

The Arduino MKR Vidor 4000 is 
available from Mouser Electronics 
with free delivery. 


See: https://au.mouser.com/new/ 
arduino/arduino-mkr-vidor-4000/ and 
https://au.mouser.com/ProductDetail/ 
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Part Il 
by John Clarke 


Building our new 


Trailing Edge 


for modern mains-powered lighting 


Last month, we described how our new trailing edge 
dimmer can drive dimmable LEDs and compact 
fluorescent lamps, as well as incandescent and 
halogen lamps using suitable transformers, where 
an old-style leading-edge dimmer can not. 

It’s an elegant and modern-looking design which 
can be controlled using one or more touch panels, 


or a slimline infrared remote control. Now we 
move onto building it and wiring it up. 


SILICON CHIP), we explained why 
you need a trailing edge dimmer to 
control modern LED lighting. 

Older dimmers used Triacs and this 
necessitated switching power to the 
lamp(s) on in the middle of a mains 
half-cycle and off at the zero crossing. 

But that’s no good for devices that 
use switchmode supplies, such as 
LEDs, CFLs and halogen lamps with 
electronic transformers. It generates 
very high current spikes that will 
quickly destroy the power supplies 

This trailing edge dimmer does not 
have that problem, and many modern 
lights are now designed to be dimmed 
by just this type of device. 

While we had an extensive ex- 
planation of leading vs trailing edge 
dimmers last month, we didn’t have 
room to show actual scope grabs of 
these dimmers in operation. Now we 
do, so you can refer to Scope1-Scope5. 

Scope1 shows an older style leading 
edge dimmer operating with an incan- 
descent lamp load. Scope2 shows the 
same type of dimmer attempting to 
drive a dimmable LED. You can see 
that it doesn’t work very well! 

In contrast, screen grabs Scope3- 
Scope5 show the waveforms applied 
to a dimmable LED lamp from a trail- 
ing edge dimmer. You can see that 
these waveforms are pretty clean and 
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the lamp’s brightness varied as you 
would expect, from a low level when 
Scope3 was taken up to moderately 
high brightness for Scope5. 

So now that you know how this 
Dimmer works and you’ve read about 
all its great features, naturally you 
want to build one (or several). 

You can purchase the PCBs and 
hard-to-get parts from the SILICON CHIP 
ONLINE SHOP (see parts list last month), 
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Scope1: an incandescent lamp dimmed 
to half brightness using an old-fashioned 
leading-edge dimmer. You can see how 
the lamp voltage suddenly jumps from 
near zero up to the full ~325V DC mains 
peak voltage when the Triac turns on. 
That would cause a huge inrush current 
with a typical LED lamp which has 

a capacitor-input switchmode power 
supply. It would probably destroy the 
lamp in a short time; even if it didn’t, it 
would likely flash like a strobe. 
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and the remaining parts from your 
usual component supplier(s). You can 
then begin to put the boards together, 
using the following instructions. 


Is it legal to build? 


Before we get into it, note that while 
you can certainly build this dimmer 
yourself (and we’ve gone to quite a 
bit of effort to make it as simple as 
possible), in Australia it is not legal 
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Scope2: here’s a LED lamp being 
powered from a leading-edge dimmer 
set near full brightness. This is an 
example of what not to do! You can 

see that even though the voltage steps 
are not quite as severe in this example 
as in Scope1, the lamp still “wigs out” 
during the second half-cycle, switching 
on and off rapidly and drawing 

high current pulses. Its electronics 
won't last long operating under these 
conditions. 
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The three assembled PCBs used in this project. On the left is the main board which contains the PIC - which controls 


everything — along with the transformer (which you wind yourself) and the power Mosfets plus, of course, the connection 
terminal block (the opposite side of this PCB is not shown). In the middle is the mounting plate which maintains electrical 
isolation, while on the right is the optional dimmer extension (which you only require if you need extra touch plates). 


to wire it up yourself. You will need 
a licensed electrician to do so. 

If you’re lucky enough to live in 
New Zealand, though, you can do your 
own household wiring legally so we 
have shown the appropriate wiring 
diagrams. 


Construction 


The dimmer is built on a PCB coded 
10111191, measuring 66 x 104mm. The 


FRI SEP 02 14:57:23 2018 
W Oos  5.0000/ Trig 


E Agitem Technologies 
gow g 


Fregi ): 50.0Hz ý 289V 
Source | 49 Si Measure 
1 i AMS 


RMSÍI }: 58.2V 


"Clear Meas | Thresholds 
pn = 


Scope3: this is how you should dim 

a LED lamp. In this case, it is being 
driven by a trailing-edge dimmer at 

a low brightness level. Here the lamp 
voltage smoothly ramps up from zero 
to just under 200V, then the transistor 
switches off power to the lamp until 
the start of the next half-cycle. The 
lamp detects the reduced duty cycle/ 
peak voltage and runs at reduced 
brightness. 
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PCB assembly mounts on a separate 
Backing Plate PCB coded 10111192 
which measures 58.5 x 104mm and 
the whole assembly mounts within 
a Clipsal Classic blank plate, with 
a matching blank aluminium touch 
plate. 

The completed dimmer can be 
mounted to a metal wall box in a brick 
wall, but it must be spaced from the 
wall box using a mounting block of 
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from the same trailing-edge dimmer 
but with a slightly increased brightness 
level. The step that you can see is 
probably because the capacitors in 

the lamp’s switchmode supply remain 
charged after the transistor in the 
dimmer has switched off, and a small 
amount of voltage feeds back into the 
scope through the bridge rectifier. 
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30mm or deeper; otherwise, the circuit 
may make contact with the metal box, 
which would be a hazard. 

It can be mounted directly to a stud 
on a plasterboard wall using standard 
mounting hardware. Alternatively, it 
can be placed on a thin or standard 
depth surface-mounting box. 

Refer to the PCB overlay diagram, 
Fig.3, during assembly. Fig.4 shows 
what the more-or-less blank mounting 
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Scope5: here, the LED lamp is 
operating at around 75-80% of full 
brightness. You can see that the 
dimmer transistors remain switched 
on for more than half of each mains 
half-cycle. Comparing this to Scope2, it 
is obvious that a dimmable LED lamp 
operates in a much smoother manner 
with the trailing edge dimmer than it 
did with the traditional leading edge 
dimmer. 
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Fig.3: the PCB overlay diagram for 
the main Dimmer board, which 
you Can use as a guide during 
construction. The infrared receiver 
IRD1 and three resistors (one 1MQ 
and two 4.7MQ) are mounted on 
the underside of the board (not 
shown separately). These resistors 
are mounted on the PCB surface (ie, 
not through holes), despite being 
axial leaded components. 

Mosfets Q1 & Q2 are SMDs and they 
are soldered to the top of the board. 
Also note the short length of 

tinned copper wire soldered to the 
underside of the PCB — it bends 

out 90° (ie, away from the PCB) to 
pass through the hole in the second 
board and thence through a hole 
drilled in the Clipsal mounting 
plate, to make contact with the 
touch plate. 


The second board (Fig.4, shown 

at right) does not have any 
components on it but has four nuts 
soldered to the top of the 

board to secure the main (or 
extension) PCB to. 


plate PCB looks like. 

For assembling the main PCB, start 
by fitting Mosfets Q1 and Q2. These 
are surface-mount devices which are 
soldered to the top side of the PCB. 
The substantial metal tabs need to be 
soldered using a hot soldering iron. 

It helps to spread a little flux paste 
on the tab pad before soldering the two 
smaller leads in place, then finish by 
soldering the tab. Make sure you heat 
the tab long enough for the solder to 
flow properly onto both the Mosfet tab 
and PCB pad, forming a nice, smooth 
fillet. 

You can then install the axial de- 
vices — ie, resistors, zener diodes and 
diodes. The Resistor Colour Codes 
table shows the codes but it is a good 
idea to use a digital multimeter to 
measure each value before soldering, 
just to make sure. (Many resistor col- 
our bands can be mistaken, especially 
in low light). 

Note the specifically-called-for re- 
sistors in the table — the 4.7MQ must 


Parts missing 
from the parts list last month 


2 M3 x 15mm panhead machine screws 
2 M3 nuts 


(for both the main and extension PCBs) 
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4.7MQ. VR37 


SILICON CHIP Trailing Edge Dimmer 


SHORT (~20mm) LENGTH 
TINNED CO! WIRE 
TO CONNECT TOUCH PLATE 


(UNDER) 


Seg) | 
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TMQ (UNDER) =2 
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be the type shown and no codes are 
given for the 1W resistors in 5-band as 
these are very uncommon. 

Leave off the 4.7MQ and 1MQ resis- 
tors for now, as they are mounted on 
the underside of the PCB later. 

Diodes D1 and D2 can be easily 
distinguished as D2 is much smaller 
than D1 but ZD1 and ZD2 may look 
similar, so be careful to install the 
5.6V and 12V zeners in the locations 
shown in Fig.3. 

Fit the microcontroller and opto- 


Qty. Value 4-Band Code (1%) 
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ReSiIStomGoloumGodes 


yellow violet green brown (must be VR37 3.5kV safety resistors) 


yellow violet green brown (must be VR37 3.5kV safety resistors) 


Q 2 47MQ 

Q 1 1.5MQ1W_ brown green green brown 
Q 2 1MQ brown black green brown 
Q 1 47kQ yellow violet orange brown 
Q 1 22KO red red orange brown 

Q 1 10kQ brown black orange brown 
Q 1 2.2kQ red red red brown 

Q 2 47002 1W _ yellow violet brown brown 
Q 2 4702 yellow violet brown brown 
QO 1 47Q yellow violet black brown 
For the Extension Board: 

Q 2 47MQ 

Q 1 2.2MQ red red green brown 

Q 1 1MQ brown black green brown 
Q 1 2200 red red brown brown 


Fresnel lens: drill 9mm dia into 
CUPSAL C2031 VX blank plate 


Do not drill when used with extension PCB 


SILICON CHIP 
Trailing Edge Dimmerand Extension 
mounting plate 
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coupler next. Ideally, IC1 should be 
mounted using a socket, to make it 
easier to re-program if necessary, while 
OPTO1 should be soldered directly 
to the PCB. Be sure to orientate both 
correctly, with the pin 1 notch or dot 
located as shown in the overlay dia- 
gram, before soldering them. 

The capacitors can be installed now, 
starting with the smaller MKTs, then 
the larger X2 capacitor and finally, the 
electrolytic capacitors. 

Only the electrolytic capacitors 


5-Band Code (1%) 


(n/a) 

brown black black yellow brown 
yellow violet black red brown 
red red black red brown 

brown black black red brown 
red red black brown brown 
(n/a) 

yellow violet black black brown 
yellow violet black gold brown 


red red black yellow brown 
brown black black yellow brown 
red red black black brown 
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(100pF and 470pF) are polarised; their 
longer leads go into the pads marked 
with a + symbol in Fig.3 and on the 
PCB silkscreen printing. 

Next, mount the large four-way 
terminal barrier. Attach it to the PCB 
using two M3 panhead machine 
screws, approximately 20mm long, 
and two M3 hex nuts (which were not 
included in the parts list published last 
month). Once it’s securely fastened to 
the board, solder the four terminals us- 
ing plenty of solder, to ensure reliable 
connections. 

Next, assuming you want infrared 
remote control, file the uppermost 
sharp corners of the infrared receiver 
plastic package so it fits inside the 
fresnel lens. The infrared receiver is 
mounted flat to the underside of the 
PCB with the lens located along the 
vertical centre line of the PCB. The 
PCB screen printing shows the correct 
mounting position. 

Bend its leads at right angles and 
feed them through the PCB pads, then 
solder them on the top side. If you do 
not want to use the infrared remote 
control option, instead you should fit 
a 1kQ resistor between the outer two 
mounting pads for IRD1. 


Winding transformer T1 


T1 is made up using a toroid ferrite 
core and windings made from 0.25mm 
diameter enamelled copper wire 
(ECW). The primary winding consists 
of 12 turns while the secondary has 48 
turns, as shown in Fig.5. 

The primary and secondary are 
separate windings that are wound 
on opposite sides on the toroid, for 
isolation. 

Twist the two primary winding end 
wires together with a few turns and do 
the same to the secondary wire ends 
(this is not shown in Fig.5 for clarity). 
Cut off any excess wire length, ensur- 
ing there is enough left to reach the 
PCB pads, then use emery paper or 
a hobby knife to strip off the enamel 
insulation from the ends of each wire, 
so you can tin them. Make sure the 
solder takes properly to the wire. 


16mm DIAMETER 
HEATSHRINK 2 
OPEN END 
K] 
SECONDARY : S 
48 TURNS OF" 
0.25mm ENAMELLED 
COPPER WIRE 


CABLE TIE — 7 
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Can this dimmer be used with a standard lamp, etc? 


We've already been asked (!).. . 
what if you have a lamp that’s normally 
plugged in (ie, such as a standard lamp, 
desk lamp, etc — one not “wired in” to the 
house wiring)? Is this dimmer suitable 


for these types of lamps? 

The beauty of this dimmer circuit is 
that it suits so many types of globes, (in- 
candescent, dimmable LED, dimmable 
CFL, and so on) so in the vast majority 
of cases would be perfect. 


Now attach two cable ties to the fer- 
rite core and do them up tightly before 
cutting off the excess length, to ensure 
that the two windings stay separate. 

Next, cut a length of 16mm diameter 
heatshrink tubing that’s longer than 
the ferrite core is wide, slip it over 
the core with the primary winding 
exposed at one end and the secondary 
at the other, and shrink it down so it 
won't move. 

Once you’ve done that, cut or punch 
some holes at the bottom to allow a 
cable tie to pass through. You can do 
this using a screwdriver but be careful 
not to damage the core or any of the 
windings when doing so. 


Mounting T1 


Feed a cable tie through the holes 
you made in the heatshrink tubing and 
then loop it through the 3mm holes in 
the PCB which are designed to hold 
the transformer in place. The square 
end of the cable tie should be kept 
on top of the PCB, on one side of the 
toroidal core. The PCB will not mount 
correctly if the end of the cable tie is 
on the underside of the PCB. 

Solder the two ends of the primary 
winding to the pads labelled W and 
X; it doesn’t matter which one goes 
to which. Similarly, solder the ends 
of the secondary to the pads labelled 
Y and Z. 

Now you can fit the three resistors 
that go on the underside of the board. 
The 1MQ resistor has a hole for one 
ofits leads and a pad for the other, but 
both are soldered on the bottom side 


CABLE TIES 
AS BARRIERS 
OPEN END 


0.25mm ENAMELLED 
COPPER WIRE 


Of course, you would need to make 
absolutely certain that any box used was 
100% insulated and, if metal, Earthed. 

The procedure we show in Fig.8 for 
testing the dimmer with an available 
Neutral is precisely how you would wire 
the dimmer for “plug in” use. 

If your lamp is currently being powered 
by a two core cable (ie, Active and Neu- 
tral) the cable should be replaced with a 
three-core (Active, Neutral and Earth). 


of the board. Make sure you trim the 
lead which pokes through the top side 
short after soldering it. 


Connection to the touch plate 


The soldering on the two Vishay 
4.7MQ. VR37 series resistors is criti- 
cal. Bend and cut their leads so that 
they sit flat on the provided circular 
pads and then solder them in place, 
surface-mount style. 

Make sure they are placed in the 
correct position and do not substitute 
anything else for these components. 
These resistors, chosen specifically 
for safety, are light blue in colour and 
are rated at 2.5kV RMS. 

They are fitted like this so that no 
connections are exposed on the top of 
the PCB. That fully isolates the resistor 
leads from the components on the top 
of the PCB. 

Also, it provides a high degree of 
voltage isolation between the touch 
plate connection and high voltage 
circuitry. 

The series resistors actually make 
contact with the touch plate via a 
short length (say about 20mm or so) of 
tinned copper wire. This is soldered 
to the top-most “pad” on the left side 
of the board. 

This wire is bent out at 90° to pass 
through the hole in the second (mount- 
ing plate) PCB thence through a tiny 
hole drilled to match in the Clipsal 
Plate. 

The easiest way to do this is to place 
the mounting plate in the Clipsal plate 
and drill a 0.9mm hole right through; ie, 


Fig.5: this diagram shows how transformer T1 is 
wound using 0.25mm diameter enamelled copper 
wire on a toroidal ferrite core. Once both windings 
have been made, fit two cable ties as barriers 
between them and cut the ends off, then slide 
heatshrink tubing over the transformer and shrink 
it down. Poke a hole through the tubing with a 
screwdriver and attach it to the PCB as shown 


PCB before soldering the wires to the board. 
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RED and BLACK... or 
BROWN and BLUE? 


In Our wiring diagrams, we have 
shown mains Active as RED and mains 
Neutral as BLACK. But didn’t wiring 
colours change to Brown (Active) and 
Blue (Neutral) quite some time ago? 

Yes they did . . . and theoretically, we 


should be showing the “approved” SAA 
wiring colours of Brown and Blue. 

However, even today you will find that 
the vast majority of electrical installa- 
tions (ie fixed wiring) are done in the 
“old” colours of Red and Black. 

Because you are much more likely to 
find red and black wiring in your home, 
we have stuck with that you will likely 
encounter. 


use the mounting plate as a template. 

When later assembled, the wire is 
bent back to be flush with the surface 
of the Clipsal plate so that when the 
aluminium touch plate is clipped into 
place, it makes intimate contact with 
the wire. 

(This wire is not soldered or other- 
wise fastened to the touch plate). 


Programming IC1 

If you purchased a pre-programmed 
PIC microcontroller from the SILICON 
CHIP ONLINE SHOP, you can plug it 
into the socket now, after bending its 
leads to suit. Make sure its pin 1 dot 
is orientated as shown in Fig.3. 

If you have a blank PIC12F617 IC, 
you will need to download the firm- 
ware (HEX file) from our website, 
then load it into the chip using either 
a universal programmer or a PICkit 3 
or PICkit 4 in-circuit serial program- 
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mer (or similar) with a breakout board. 

Our PIC/AVR Programming Adaptor 
board from the May and June 2012 
issues (siliconchip.com.au/Series/24) 
is suitable. 

If using a universal programmer, 
use the supplied software. For the 
PICkit 3 and PICkit 4, you can use the 
MPLAB IPE (integrated programming 
environment), part of the MPLAB 
IDE (integrated development environ- 
ment), which is a free download from 
the Microchip website and is available 
for Windows, macOS and Linux. 
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Fig.6, the Dimmer Extension PCB 
overlay, for when you want two or 
more dimmers controlling the same 
light or set of lights. There are just a 
few components on it, so it should be 
easy and quick to build as long as you 
are careful to fit them in the locations 
and with the orientations shown. 
Again, a short length of tinned copper 
wire bends down 90° to pass through 
the second (mounting) board, thence 
through the Clipsal mounting plate, to 
make contact with the touch plate. 


Mounting the board 


The backing plate PCB is sized to 
fit precisely into the Clipsal C2031VX 
blank plate. 

This then allows you to mount the 
main Dimmer PCB. Fit the backing 
plate into the Clipsal plate, noting 
that the screen printed side should 
be visible once you have finished; the 
PCB will only fit with one orientation. 

Mark out the centre for the hole 
required for the lens to fit into the Clip- 
sal plate and note that this hole isn’t 
drilled when building the extension 
board, or if you have opted to leave 
out the infrared remote control feature. 
We have provided cross hair screen 
printing to show the centre position 
required on the backing plate. Drill 
the hole 9mm in diameter. 

The same sized hole needs to be 
drilled in the Aluminium plate. Drill- 
ing this out carefully against a block of 
timber; starting with a smaller diam- 
eter drill and reaming the hole out to 
9mm will produce a better hole finish 
compared to using a 9mm drill bit. 

Also drill the 0.9mm hole for the 
touch plate connection wire now. This 
hole only is made in the Clipsal plastic 
plate, not the Aluminium plate. 


= These three photos show the location and mounting of the touch 
plate connection wire. It passes through the mounting PCB and 
Clipsal plate to contact the cover when it is pushed on. 
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Remove the backing PCB and insert 
four M3 x 10mm screws in from the 
underside of the PCB at each corner 
mounting position and attach two M3 
nuts to the top side. Tighten the first 
nut but leave the second nut only just 
touching the first nut. Solder the two 
nuts together and solder the lower nuts 
to the PCB. Once the solder joints are 
cool to the touch, remove the screws. 

Solder a 15-20mm length of tinned 
copper wire to the underside of the 
main dimmer PCB, at the end of the 
4.7MQ safety resistor. This is directly 
opposite the hole for the touchplate 
connection on the backing plate PCB. 
As with the safety resistors, this wire 
is surface-mounted to the bottom of 
the PCB. 


Final assembly 

Fit the backing plate PCB into the 
Clipsal plate and press it in so the PCB 
sits tightly inside. 

You can secure it with some silicone 
or polyurethane sealant, to ensure the 
PCB stays in place. To do this, apply a 
few dabs of the sealant to the underside 
of the PCB before inserting into the 
Clipsal blank plate. 

Insert the Fresnel lens, then align 
the dimmer PCB over the backing 
plate PCB and feed the touchplate 
wire through the backing plate hole 
and through the Clipsal blank plate 
hole. Then secure the dimmer PCB to 
the backing plate PCB using the M3 x 
10mm screws. 

As you do this, ensure that the 
touchplate connecting wire is now 
protruding through the backing plate 


hock h d 
N ock hazar D 


Disconnect mains 
power at the 
switchboard 

before removing 
plate. 


Fig.7: this warning panel should be 
photocopied or printed and glued to 
the face of the Clipsal switch plate 
before the aluminium touchplate goes 
on top (make sure it doesn’t cover the » 
wire which touches the aluminium 
touchplate). It’s a reminder to anyone 


taking the dimmer off the wall that there 


is live wiring and circuitry behind it. 


siliconchip.com.au 


Testing before installation 


Since you're probably going to have to pay an electrician to come around to your house 
and install the dimmer(s), you will want to be sure they are working first. The easiest safe 
way to do this is to use a surface GPO mounting block to suit the switchplate(s), screwed 
to piece of insulating material (eg, MDF) large enough to cover block. 

You will also need a mains extension cable cut in half to provide power to the circuit 
(from a power outlet) and a lamp (of the type you are using) to plug into the socket. 

Strip the outer and inner insulation of the ends of the cut mains cord and drill holes 
in the sides of the surface mounting block, just large enough for the mains cable to fit 
through. Go through the installation procedure in the main text of this article, ensuring 
that you conduct the safety checks as described. Use a double-screw BP connector to 
join the mains Earth wires in the two halves of the cable. 

The socket end of the mains cord will connect to your lamp load. Most dimmable 
LED lamps have a mains plug attached so you can simply plug it in. If using another 
type of lamp, you will need a suitable luminaire and a safe arrangement to connect it to 
a mains plug. 

Insummary, if your final installation will include the mains Neutral wire, you can connect 
the Active wire from your mains plug lead to the “A” terminal on the Dimmer, the plug 
and socket lead Neutral wires to the “N” terminal (the terminal barrier used will easily 
accommodate two wires per terminal) and the socket Active wire to the “LAMP” terminal. 

If you will not have the mains Neutral available in your final installation, instead you 
will need to join the plug and socket lead Neutral wires together (again use a BP connec- 
tor), the plug Active wire to the “A” terminal and the socket Active wire to the “N” and 
“LAMP” terminals as shown below. Make sure it is not plugged in while you connect it! 

Attach your surface mounting block to the MDF (etc) so that none of the mains wiring 
is exposed. You can then plug the lamp into the socket and the mains plug into a wall 
outlet and wait at least nine seconds (to skip the Calibration step, as explained in the 
text). You can then test that the touch and (if fitted) infrared remote control. 

If the lamp you’re using to test is the same one that will be used in your final installa- 
tion, you can also complete the calibration procedure — see the steps below. It’s easier 
if you do it now, since it’s much easier to switch the dimmer on and off at this stage. 


ACTIVE 


Fig.8: here’s how | fk 
to temporarily 

wire the Dimmer 

for testing (or, 
indeed, for use 

with a plug-in 

lamp). Shown at 

top is the way to 
control a single 

lamp when you have 
both Active and Neutral available, while the lower diagram shows the 
connections when no Neutral is available. If you are not going to use an 
extension dimmer or push button, simply ignore those connections. 


ALTERNATIVE 
EXTENSION 
(MOMENTARY 
CONTACT 
MAINS-RATED 
SWITCH) 


WHEN NEUTRAL IS AVAILABLE 


ALTERNATIVE 
EXTENSION 
(MOMENTARY 
CONTACT 
MAINSRATED 
SWITCH) 


WHEN NEUTRAL IS NOT AVAILABLE 
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LAMP SOCKET 


“LOOPING” 
Fig.9a: this is a typical 
light switch wiring for a 
single light or fitting, with 
just a pair of wires (no 
neutral) coming down 
from the light fitting 
on the ceiling to ž x 
the architrave switch > N° 
One point to note is that the Earth 
wire is often not used in many older 
homes but in any case, the Earth plays 
no part in the dimmer design. The 
“looping” terminal is merely a handy 
not-connected termination point. 


PCB and the Clipsal blank plastic 
plate. Bend this wire over by 90° to sit 
against the face of the plate. This will 
contact the Aluminium plate when 
fitted, providing the touch sensing 
connection. 

Fig.7 is a safety warning label 
which you should print out and glue 
to the plastic plate. This is so that if 
the Aluminium plate is removed, the 
warning to switch off mains power at 
the switchboard will be seen. 

You can also download this label 
from the SILICON CHIP website for free 
as a PDF file, listed in the ONLINE SHOP 
under “Panels & Case Pieces”. 


Building the extension board 


You only need this board if you want 
more than one touch plate to control 
the same set of lights. 

The extension circuit is built on a 
PCB coded 10111193 which measures 
58.5 x 104mm. You will also need a 
Backing Plate PCB (coded 10111192) 
to attach the extension board to the 
Clipsal blank plate, which once again is 
used with a blank aluminium faceplate. 


LAMP SOCKET 
EARTH 


Fig.9c: sometimes the 
Active and Neutral are 
wired to the architrave 
switch with the switched 
Active and the Neutral 
going up to the 

lamp socket 

or fitting. 


ACTIVE 
MAINS 
The Earth IN fi 


(if connected) NEUTRAL P, 

is often wired 

directly to the “LOOPING” 

lam ket. ARCHITRAVE 
p socket Sien 
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LAMP SOCKET 


Fig.9b: replacing the 
light switch with the 
dimmer in the typical 
installation of Fig.9a is 
as simple as shown 
here: the Active wire 
goes to the “A” 
terminal on the 
dimmer, while the “N” 
and “LAMP” terminals on the dimmer 
are joined and go back up to the Active 
terminal on the light fitting. Ensure you 
turn off the power at the switch board 
before installing the dimmer! 


As with the main Dimmer board 
itself, if mounting the extension board 
to a metal wall box (as used in a brick 
wall), it must be spaced from the metal 
box using a 30mm or deeper mounting 
block. Alternatively, it can be mounted 
directly to a stud (Gyprock) wall us- 
ing standard mounting hardware or 
mounted on a thin or standard height 
surface-mounting box. 

Fig.6 is the PCB overlay diagram 
for the extension board. The resistors, 
zener diodes, the diode and transistor 
can be fitted where shown, in that 
order. The resistor colour code table 
shows the colours — note that some 
resistors will not normally be available 
in 1% types. 

It’s a good idea also to use a digital 
multimeter to measure each value. 
Note that the two 4.7MQ resistors on 
the underside of the PCB are mounted 
later. 

The good news is that the two zener 
diodes, ZD3 and ZD4 are the same 
value, so you only need to watch the 
polarity of these two components, plus 
diode D3. The orientation of transistor 


Fig.9d: here’s 
how to wire the 
dimmer in 


existing 
architrave switch 
when both Active 
and Neutral are 
available at the 
switch. This will 
allow dimming 
from zero to 100%. 
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Q3 also matters but it will be correct if 
you fit it with the flat face as shown. 
You will probably need to bend the 
leads slightly (eg, using small pliers) 
to fit the PCB pads. 

Solder the single capacitor in place 
next, then mount the screw terminals. 
As with the main board, attach the 
screw terminals using two 20mm M3 
machine screws and nuts first before 
soldering the pins and use plenty of 
solder, to ensure good joints. 

The two Vishay 4.7MQ VR37 resis- 
tors are surface-mounted on the bot- 
tom on the board in the same manner 
as for the main board. Once again, do 
not substitute these parts. They are 
high-voltage resistors that are rated at 
2.5kV RMS and are specified for safety. 
They are light blue. Bend the resistor 
leads near the end of the resistor, then 
trim them so that they sit flat on the 
pads before soldering them. 

The procedure for attaching the ex- 
tension PCB to the Clipsal plate using 
the backing plate PCB is the same as 
described for the main dimmer PCB. 
The exception is that you don’t drill 
the hole for the lens. 


Installation 


By now, you have tested the dimmer 
according to the procedure shown in 
the panel and diagrams of Fig.8. 

Use these, in conjunction with 
the diagrams of Fig.9 to show how 
installation is done in the two typical 
scenarios — no Neutral available (the 
more usual — Figs.9a and 9b) and the 
other possibility, Neutral available 
(Figs. 9c and 9d). 

No extension dimmer nor switches 
are shown in the Fig.9 diagrams; you'll 
need to refer back to Fig.8 for their 
wiring. 

The dimmer and extension plates 
must be securely attached to a wall 
before mains power is connected. Of 
course, the power must be switched off 
at the fusebox or breaker panel while 
installing the unit. 

Before installing these units, carry 
out the following safety check. Switch 
your multimeter to its highest resist- 
ance measurement range and check the 
resistance between the Active terminal 
and the touchplate contact. 

Do this for both the main dimmer 
board and the extension board, if using 
an extension. The resistance should 
be close to 9.4MQ. This verifies that 
the touchplate will not be hazardous. 

If you aleady have an older-style 
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dimmer that you’re replacing, (per- 
haps you want to change from incan- 
descents to LEDs?) the new dimmer 
circuit is easily installed into because 
the wiring is the same, connecting to 
the incoming Active (brown or red) 
and lamp via the Neutral (blue or 
black) wires. 

This is shown at the bottom of Fig.8. 
This example includes one extension 
board plus a separate on/off momen- 
tary (mains-rated) pushbutton switch 
but these extra units are optional and 
can be omitted if not needed. 

If you are installing a new dimmer 
and you can run the incoming mains 
Neutral wire to the dimmer mount- 
ing location, that’s even better, as it 
will give you a full range of dimming 
from off all the way up to 100% (full 
brightness). 

As shown in Fig.8, the extension 
module requires an incoming Active 
connection and an extension wire 
which connects to the EXTN input 
on the dimmer. It can be installed into 
existing 2-way switch wiring, or you 
can have an electrician install new 
wiring if this is not already present. 

The unconnected loop terminals 
on the extension board can be used 
to terminate any extra wires that need 
to be joined. 

The momentary switch option, as 
shown in Fig.8, can be used in an 
architrave switch surround, making 
it easier for installation where space 
is limited such as in a door surround. 


Calibration 


If you were able to connect the 
incoming mains Neutral to the Dim- 
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mer module, then there is no need to 
perform any calibration. It is initially 
set to provide the full incoming mains 
voltage to the lamp when switched 
on fully. 

If there is no separate Neutral wire 
available, the dimmer will get its 
supply power through the lamp. The 
dimmer will need to be adjusted to 
give the maximum lamp brightness 
without flickering. 

The adjustment needs to be started 
within nine seconds of power being 
applied to the dimmer. Otherwise, 
the dimmer will go into its normal 
operating mode. 

Powering up the dimmer involves 
switching on the light circuit at the 
electrical switchboard. As soon as 
you can and before nine seconds has 
elapsed, press and hold the touch 
plate continuously and wait until the 
light starts to increase in brightness. 
Remove your hand as soon as the lights 
start flickering, which should occur 
close to full brightness. 

Then, press and hold the touch plate 
until the lights dim to a point below 
where there is no flickering. Remove 
your hand again and then do a quick 
press on the touch plate to switch off 
the light(s). This action will set the 
maximum lamp brightness at the last 
used brightness level. The dimmer 
will use this level from now on as the 
maximum brightness setting, even if 
mains power is lost. 

Recalibration of the maximum 
brightness can be performed by repeat- 
ing the procedure, starting by switch- 
ing off power to the lights circuit. The 
maximum brightness can then be set 
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at a higher or lower level than the 
previous setting. 

Note that the rate at which the lamp 
brightness increases during this pro- 
cedure is purposefully slow, so you 
can set brightness with reasonable 
precision. Note also that once you start 
the calibration procedure by touching 
the dimming plate, you have up to five 
seconds after youremove your hand to 
re-apply it to the plate to start reducing 
the brightness. 

There is another five second time- 
out period after you removing your 
hand having reduced the brightness 
before you touch it again, to switch 
off the lamp. 

If you do not touch the plate before 
these five second periods elapse, cali- 
bration will be aborted and the previ- 
ous maximum brightness value will 
be used. You will have to start again. 

Keep in mind that the calibration 
should be done with the lamps you 
are going to use with the dimmer. If 
you use different LED lamps or an 
incandescent lamp, the maximum 
non-flickering brightness setting may 
be different. 


In operation 

Note that the dimmer plate usually 
runs just warm to the touch, due to the 
dissipation within Mosfets Q1 and Q2 
of around 1W total. 

The remote control must be directed 
toward the receiver on the main dim- 
mer plate to obtain reliable operation. 
We found that our prototype worked 
well up to 7m away from the wall 
plate, as long as the remote control 
was correctly aimed. SC 


... it’s the shop that 
never closes! 24 hours 
a day, 7 days a week 


_ fall 07) 99393295 
with order & credit card* details 


om.au/shop 


MARCH 2019 83 


Using Cheap Asian Electronic Modules Part 24: by Jim Rowe 


alvanic Skin 
RESPONSE 


This Seeed/Grove-designed Galvanic skin 
response sensor measures the changes in 
resistance of human skin, which indicate 
changes in mood, apprehension or other 
psychological phenomena. It’s smaller 
than a stamp and comes with a pair of 
sensing electrodes. It also has an analog 
voltage output, making it easy to use with 
any micro or a digital multimeter. 


hese days, the term “Galvanic Skin 

Response” is regarded as obsolete; 
it is instead known as Electrodermal 
Activity or EDA. Nonetheless, GSR is 
still pretty widely used. 

GSR is often regarded as the pri- 
mary body parameter measured in ‘lie 
detectors’, or “polygraphs” as they’re 
known in the USA. However, GSR is 
only one of the many physiological 
indicators monitored in polygraphs; 
others are blood pressure, pulse rate 
and respiration. 

We should point out that despite 
the widespread use of polygraphs 
throughout the USA and other coun- 
tries, there is a great deal of doubt in 
scientific circles about their accuracy 
and reliability. They supposedly can 
indicate when a person gives false an- 
swers to questions. 

Polygraph evidence is currently in- 
admissible in New South Wales courts, 
under the Lie Detectors Act of 1983. 
However, the High Court of Australia 
is yet to consider the admissibility of 
polygraphic evidence at a federal level. 

The first suggestion that human 
sweat glands were involved in creating 
changes in the electrical conductivity 
of the skin was made in Switzerland 
in 1878, by researchers Hermann and 
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Luchsinger. Then in 1888, the French 
neurologist Fere demonstrated that 
skin conductivity could be changed 
by emotional stimulation and also 
that this could be inhibited by drugs. 

Pioneering psychoanalyst Carl Jung, 
in his book “Studies in Word Analy- 
sis” (1906), described experiments 
using a GSR meter to evaluate the 
emotional sensitivities of patients to 
lists of words during word associa- 
tion sessions. 

Although the first polygraph was 
invented in 1921 by John Augustus 
Larson at the University of California, 
it only monitored only blood pressure 
and respiration. Larson’s protege Leon- 
arde Keeler updated the device in 1939 
by making it portable and adding the 
monitoring of GSR. His device was 
purchased by the FBI and became the 
prototype of the modern polygraph. 


So what is GSR/EDA? 


The electrical conductivity of our 
skin is not under conscious control, 
but modulated by our sympathetic 
autonomous (subconscious) nervous 
system. Therefore, it responds to our 
cognitive and emotional states. 

Initially, it was thought that modula- 
tion ofsweat gland activity by the sym- 


Australia's electronics magazine 


pathetic nervous system was solely re- 
sponsible for the changes in GSR/EDA, 
and this is still regarded as the main 
factor. However, it’s now believed that 
there are also accompanying changes 
in blood flow and muscular activity 
which affect conductivity. 

GSR/EDA sensors are usually fitted 
to the fingers because our hands and 
feet have the highest density of sweat 
glands on our bodies (200-600 sweat 
glands per cm?). In fact, the palms of 
our hands and the inside of our fingers 
are ideal locations for sensing GSR/ 
EDA, and you don’t have to take off 
your shoes and socks! 


The Seeed/Grove GSR module 


The Seeed/Grove-designed GSR 
sensing module is tiny, measuring only 
24 x 20 x 9mm, including the two JST 
2.0 PH-series SIL headers. 

The unusual shape of the PCB, with 
semicircular cut-outs at two ends 
which host the 2mm mounting holes, 
is because the module was designed 
as part of Seeed Studio’s “Grove” mod- 
ule system, a standardised prototyp- 
ing system. 

There are many modules available 
in the Grove system, including sensors 
for light, IR, temperature, gas, dust, 
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acceleration and the Earth’s magnetic 
field to name just a few. 

All of these modules have a stand- 
ardised connector system, and Seeed 
has also produced shields and similar 
“piggyback” boards to make it easy to 
connect multiple Grove modules to 
micros like the Arduino, the Raspberry 
Pi and the Beaglebone series. 

Since the modules come with a 
cable fitted with a 4-pin JST 2.0 con- 
nector at each end, it’s quite easy to 
connect a single module like this to a 
board such as a Micromite, or even to 
a digital multimeter (DMM). 

This module isn’t quite as affordable 
as some of the other modules we’ve 
looked at in these articles, perhaps 
because it comes with a pair of “fin- 
ger sock” electrode sleeves together 
with suitable cables to connect to the 
module. It also comes with the afore- 
mentioned 150mm-long cable for con- 
nection to the micro. 

The cost for the module plus these 
extra parts ranges between $15.50 
(on AliExpress) and $20.80 (from 
GearBest). There’s also a very similar 
module made by SichiRay, available 
from AliExpress for $15.70. 


Inside the module 

There’s not a great deal to the Seeed/ 
Grove GSR sensor module, as you can 
see from Fig.1. It uses an SMD version 
of the LM324 quad op amp (IC1), with 
three of its amplifiers connected in the 
standard instrumentation amplifier 
configuration. IC1c is used as a stand- 
ard differential amplifier with a gain of 


VCC 


(VCC/2) 


TO 
SENSOR 
ELECTRODES 
ji 


S& SEEED/GROVE GSR SENSOR MODULE 


_electrode sleeves 
which connect via 
a 2-pin JST cable. 
The contact 
material on the 
sleeves is nickel. 


2.0, while IC1b and IC1a are unity-gain 
buffers driving its two inputs. 

But instead of having a gain setting 
resistor connected between the invert- 
ing inputs (-) of IC1b and IC1a, as is 
typically the case with a purpose-de- 
signed instrumentation amplifier, the 
input buffers are left with unity gain. 

To the left of IC1b and IC1a is the 
simple circuitry used to sense the skin 
conductivity between the two sensing 
electrodes, which are connected to J1. 
At the top isa resistive voltage divider 
which derives a reference voltage of 


Vec + 2, or 2.5V when the module is 
powered from a 5V supply. 

This reference voltage is used to bias 
non-inverting (+) inputs of both IC1b 
and IC1a via 200kQ series resistors. 

Since pin 1 of J1 is connected to 
the + input of IC1b (pin 5), the volt- 
age at this pin will vary according to 
the skin conductivity between the 
two electrodes. On the other hand, 
the + input of IC1a (pin 3) is simply 
connected via small trimpot VR1 to 
ground, and the pin 2 input of J1 also 
connects to ground. 


Fig.1: complete circuit diagram for the Seeed/Grove GSR sensor module. Non-inverting input pin 5 of IC1 varies from 
0-2.5V (5V DC supply) depending on the conductivity of your skin. VR1 adjusts the voltage at pin 3 of IC1a. The difference 
between these appears at the pin 8 output of IC1c and goes through a low-pass filter, and then onto pin 1 of J3. 
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Fig.2: the GSR sensor can be easily tested by 
powering it via a USB supply (eg, a computer) 
for the required 5V DC and connecting the 


analog voltage output to a DMM. 


GSR SENSOR 
MODULE 


TO SENSOR 
ELECTRODES 


So the voltage applied to pin 5 of 
IC1b will vary between near-zero and 
almost +2.5V, depending on the skin 
conductivity of the connected person. 
The voltage at pin 3 of IC1a can be 
varied over the same range using VR1. 
This allows VR1 to set the full-scale 
output voltage of the module when the 
electrodes are open-circuit. 

Note that when the electrodes are 
worn, the maximum current that 
could flow between them is 12.5pA 
(2.5V + 200kQ). This is too low to be 
consciously sensed and certainly not 
enough to give an electric shock. 

So the variations in skin conductiv- 
ity between the two sensing electrodes 
connected to J1 cause changes in the 
voltage difference between pins 5 and 
3 of IC1. 

The output voltage from pin 8 of 
IC1c is this difference. A simple 2Hz 
low-pass filter comprising a 1MQ se- 
ries resistor and a 100nF capacitor is 
connected between pin 8 of IC1c and 
pin 1 of J3, the power supply/output 
connector. 

Pin 2 of J3 is connected to TP4 and 
pin 5 of IC1b, which allows you to 
monitor the voltage across the GSR 


GSR Sensing Module 


Checkout Program 
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electrodes with a DMM if necessary. 


Trying it out 

Probably the simplest way of trying 
out this module is to provide it with 
a source of 5V DC and use a DMM to 
monitor its analog output voltage, as 
shown in Fig.2. The 5V power supply 
for the module can come from virtually 
any USB supply, since it only draws 
about 1.2mA. 

Fig.3 shows how the Seeed/Grove 
GSR module can be connected to an 
Arduino Uno or an equivalent micro- 
controller board, while Fig.4 shows 
how it’s connected to a Micromite LCD 
BackPack (see our article in the Febru- 
ary 2016 issue at siliconchip.com.au/ 
Article/9812),. 

In both cases, the Vec and GND pins 
of the module’s output connector (J3) 
are connected to +5V and GND respec- 
tively, while the SIG output pin is con- 
nected to the AO pin of the Arduino, 
or to pin 24 of the Micromite. 

I found a very simple sketch for the 
Arduino in one of Seeedstudio’s wikis 
(siliconchip.com.au/link/aan5). It 
merely makes a series of 10 measure- 
ments of the module’s output voltage, 


Fig.5: the sample 
program running on 
a Micromite. Connect 
two fingers to the 
sensors to display the 
current skin resistance. 
Anything +5% from 
those initial values 
indicate a change in 
mood. A higher reading 
typically indicates a 
more relaxed mood, 
= while a lower reading 
is a tenser mood 
(greater perspiration, 
thus decreasing skin 
resistance). 
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adds them together and then divides 
by 10 to get their average. 

This is then sent back to your PC, to 
be either printed out in Serial Monitor 
or plotted using Serial Plotter. Then it 
loops back and repeats this sequence 
over and over again. 

You can see a sample output plot 
from this sketch in Fig.6. It’s called 
“GSR_Testing_sketch.ino” and we’ve 
made it available as a free download 
from the SILICON CHIP website. 

Note that when you first power up 
the Arduino with the module connect- 
ed, it’s a good idea to set trimpot VR1 
to give a readout of around 512 before 
the electrodes are fitted to anyone’s fin- 
gers. This only needs to be done once, 
not every time you apply the power. 

For those who want to use the GSR 
module with a Micromite, I have writ- 
ten a small program in MMBasic. This 
is identical to the Arduino program, 
taking a series of 10 measurements 
and calculating their average. The 
measurements are then sent back to 
the PC for display in the MMChat 
window. 

It’s also shown on the Micromite’s 
LCD screen as a single figure, which 
changes with each new set of meas- 
urements. 

Fig.5 shows a screen grab of this 
program in operation. It’s called “GSR 
module checkout.bas” and is also 
available for download from the SILI- 
CON CHIP website. 

This should provide you with a 
starting place for writing a more elab- 
orate program of your own, perhaps 
one that displays the growing GSR plot 
on your PC’s screen, like a polygraph 
display. Once again, it’s a good idea to 
adjust VR1 for a reading of around 512 
before the electrodes are fitted. 


Breadboarding it 


Given how simple the circuit shown 
in Fig.1 is, you may be wondering 
whether it’s possible to breadboard 
it. We reckon it wouldn’t be too hard. 

The only thing you need to be care- 
ful of is to avoid any possible leakage 
currents on the tracks and components 
connected to the non-inverting inputs 
of IC1a and IC1b (pins 3 and 5), as this 
could disturb the readings, especially 
if the leakage currents were to vary 
with temperature, humidity etc. 

This generally means keeping the 
breadboard and components plugged 
into it clean and dry and avoid touch- 
ing it during operation. 
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Fig.3: wiring diagram for the GSR 
module to an Arduino module. 
Output pin SIG must be connected 
to an analog input pin. 


You could probably even build a 
little GSR module yourself on a bit of 
veroboard, using a DIP LM324 IC and 
a handful of passives, in a similar ar- 
rangement to that shown in Fig.1. 


Useful links 


siliconchip.com.au/link/aan2 
siliconchip.com.au/link/aan3 
siliconchip.com.au/link/aan4 
siliconchip.com.au/link/aan6 SC 


Fig.4: wiring diagram for the GSR > 
module to a Micromite BackPack. 
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==) < Output plot of the values from the 
GSR module using the Arduino Serial 
plotter. The values swing from a high 
of 280 to a low of 264, even though the 
reference value is 512, due to the way 
the module is designed. 


The Seeed/Grove galvanic skin 
response module, shown below at 
twice actual size, is based on a LM324 
op amp and costs around $15.00. 
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lain-looking set, and as a four-valve reflex superhet, it 
icularly good at pulling in weak stations. But it does have 
nteresting feature in that it uses permeability tuning, which was- 
mon in car radios but not so much in mantel sets. 


I recently purchased an Astor 
“Mickey” bread-loaf shaped valve ra- 
dio set from a character called “Step- 
toe”. That makes it sound like I bought 
it out of the back ofa van in a pub park- 
ing lot, from a man dressed in a trench 
coat. But I actually bought it on eBay. 
Perhaps that is the modern equivalent 
of the pub parking lot... 

Anyway, I was attracted to this set 
due to its use of permeability tuning; 
something I had heard about but never 
seen up Close before. The set looked 
honest and most of its parts seemed to 
be present, except for the rear cover. 

The set was described as a non-run- 
ner and even with the less-than-stellar 
eBay photos, I could see that one valve 
was white inside, denoting a loss of 
vacuum. But I figured that whatever 
was wrong with this set, I could fix. I 
mean, how hard could it be? So I went 
ahead and bought it. 

The set arrived very carefully 
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packed into a big box; well done, Step- 
toe. The parts were mostly original, not 
having been butchered in some sort of 
amateur repair attempt, and overall 
the set appeared to be in good condi- 
tion, with minimal dirt and corrosion 
given its age. 

A closer inspection revealed that 
it had been serviced at some point, 
probably many years ago; I noted that 
some resistors had been changed anda 
couple of critical capacitors such as the 
audio coupling and AGC bypass had 
been replaced with 1980s-style units. 

The output transformer had also 
been replaced, as the original red and 
blue wires were cut off close to the 
attachment points and new leads sol- 
dered on top. I’m guessing that all of 
this work had been done in the 70s or 
80s, based on the components used. 


Permeability tuning 
You can clearly see the permeabil- 
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ity tuning mechanism in the photo of 
the top side of the chassis removed 
from the case. 

A traditional tuning gang looks like 
an evenly spaced stack of thin metal 
plates, often with odd-looking shapes, 
where every second plate is fixed and 
the others rotate, thus varying the over- 
lap as one set rotates, changing the ca- 
pacitance between the sets of plates. 
But this one looks very different, with 
pistons that move in and out of coils, 
geared to the tuning knob so that they 
move when it is turned. 

I guess the main disadvantage of this 
scheme is that the pistons are quite a 
bit wider than a capacitive tuning gang 
but there must have been some reason 
why the Astor designers decided to use 
it in this set; most likely, to reduce the 
cost of manufacturing the set. 

Permeability tuning was used in car 
radios because it was possible to pro- 
vide push-button presets for the user’s 
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favourite stations. These moved the 
pistons to a particular position when 
pressed, corresponding to the previ- 
ously stored station. But that feature 
is not present in this set. 


Set design 


This is a very plain-looking set, with 
a uniform cream case featuring little 
other than the speaker grille, which is 
moulded into the case, the tuning dial 
and the on/off/volume control knob. 

While the circuit design is not quite 
as “bare bones” as the outside appear- 
ance would suggest, it is a standard 
four-valve reflex superhet design, with 
no real surprises, other than the unu- 
sual permeability tuning. 

The reason I’ve referred to this set 
as having 4-12 valves in the heading 
is that, being a reflex set, one of the 
valves actually does two different 
jobs. So I figured that was the equiva- 
lent of it having at least another half 
a valve. 

In case you aren’t familiar with re- 
flex sets, these cleverly re-use an RF 
amplification stage by coupling audio- 
frequency signals into the input, su- 
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perimposed on the RF signals (which 
are naturally at a higher frequency). 

The amplified output is then sepa- 
rated using two filters, one of which 
removes the low-frequency AF signals 
and one of which removes the high- 
frequency RF signals so that the ampli- 
fied RF and AF can be fed to different 
points in the circuit. 

Unfortunately, this can compromise 
the performance of that valve which 
has to do two jobs; after all, it can’t be 
fully optimised for either and therefore 
is a bit of a compromise. 

Still, it would have reduced the set’s 
cost compared to using five separate 
valves, and the result is certainly bet- 
ter than a four-valve set which does 
not use reflexing. 

The mixer-oscillator is based around 
a 6BE6 pentagrid converter valve with 
a175V HT, while the combined RF/AF 
amplification stage uses a 6AD8 dual- 
diode pentode with a surprisingly low 
42V HT. The audio power amplifier is a 
6AQ5 beam tetrode with 165V HT and 
the fourth valve is the 6X4 miniature 
full-wave rectifier. 

The converter circuit has a mostly 
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standard configuration, except for con- 
troling the antenna tuning and oscilla- 
tor frequency (as mentioned earlier). 
It has magnetic coils which slide into 
the field of ferrite cores, this varies the 
resonance points and so controls the 
station tuning (the permeability [in- 
ductance] of the air around the cores 
change). 

These are adjusted so that the an- 
tenna tuning (as mentioned earlier), 
oscillator track and stations appear 
at the right places on the dial, using 
trimcaps #55 & #56. 

The 6AD8 AF/RF amplifier has a 
plate load comprising the second IF 
transformer (#47) plus a 50kQ series 
resistor (#28). The RF signal for this 
valve is coupled to grid #1 at pin 2 
via the first IF transformer and is fed 
to the demodulator diode at pin 7 via 
the second IF transformer. 

The demodulated audio is low-pass 
filtered, to remove the RF signal by 
250pF capacitor #14 and fed to volume 
control pot #39. It is then coupled from 
the pot’s wiper back to the bottom end 
of the first IF transformer, where it is 
fed back into pin 2. 
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The inside back of the Astor HNQ. The damaged 6AQ5 outp 


ee pie Be 
ut audio amplifier 


valve is directly right of the power transformer. The visible two-core power 
cable was replaced with a proper three-core cable with Earth. 


The amplified audio signal then 
appears at the plate (mixed with the 


amplified RF signal) but the RF signal ` 


is filtered out by capacitor #13 and the 
resulting audio is coupled to the grid 
of the 6AQ5 Class-A amplifier via 20nF 
capacitor #6 and 50kQ resistor #26. 

The 6AQ5 operates as a conventional 
Class-A amplifier, with a transformer 
(which also acts as its anode load) to 
couple the signal to the speaker. This 
part of the circuit has a very heavy 
top-cut filter, removing anything above 
speech frequency. This was necessary 
as, without it, the stage would become 
unstable and oscillate. 

There is negative feedback from 
the speaker back to the bottom end of 
the volume control, with an RC filter 
network feeding a tap on the volume 
control pot. This provides bass boost 
at low volume settings, akin to a loud- 
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ness control. As a result, the set is a 
bass lover’s delight when the audio 
is fed into a wide-range speaker. But 
when driving its own tinny speaker, 
the boost only serves to overcome its 
deficiencies. 


Fixing it up 

I’m not going to claim that I “re- 
stored” this set since I didn’t strip it 
back to individual parts and rejuve- 
nate everything, resulting in an as-new 
radio. Rather, I simply got it working 
and gave it a bit of a spiff-up to make 
it presentable. So I think “fixing” is a 
more appropriate description. It makes 
me quite cross when I see sets adver- 
tised as “restored” when they still have 
plenty of rust and dirt evident. 

Initially, before I applied any power 
to the set, I did some safety checks to 
make sure that the power transformer 


The contacts on the power switch/volume control (bottom left) were badly 
corroded; a bit of cleaning brought it back into action. 


Australia's electronics magazine 


insulation to Earth was intact and the 
windings were intact. I also fitted a 
three-core mains flex in place of the 
dodgy old two-core cable, retained 
with a knot. 

I used a fabric-covered cable taken 
from an old toaster, to better suit the 
era of the set, and I made sure to an- 
chor the cable properly and solder the 
Earth wire to the set’s chassis. 

While doing this work, I discovered 
that the power switch was open cir- 
cuit. The power switch is integrated 
with the volume control pot, so I re- 
moved it and pulled it apart. I found 
that the mechanism was working fine 
but the contacts were severely corrod- 
ed. A shot of WD-40 and then chemi- 
cal cleaner fixed that problem and it 
worked fine after reassembly. 

At this point, I had to address the 
vacuum-less vacuum tube. It had a 
crack around the base and was un- 
doubtedly beyond my repair abilities. 
Luckily, I happened to have a6AQ5 in 
my spares with the box marked “brand 
new”, so I swapped it into the set. 


Testing it out 


I poked around the circuit a lit- 
tle more looking for any suspicious 
shorts but seeing as I didn’t find any, 
I plugged the set into my variac with 
an in-line power meter and applied 
50VAC. The supply circuit breaker 
did not drop out and the meter hardly 
moved — so far, so good. 

I ramped the variac up to 100VAC 
and was greeted by a glowing dial 
lamp, with some power flowing to the 
set. A voltmeter on the HT rail indi- 
cated 30V DC after a couple of minutes. 
There was no glow visible in some of 
the valves, so I sprayed WD-40 onto all 
the valve pins and plugged them back 
in. They all then lit up; I also noted 
some hum from the speaker. 

I left the set running from 100VAC 
for about 10 minutes and then checked 
for any hot parts with an infrared spot 
(contactless) thermometer. Nothing 
was getting smelly hot and the HT had 
crept up to 70V DC. The mains power 
meter was reading about 20W, which 
seemed reasonable. 

I then applied the full mains volt- 
age and tried to tune into a strong 
station. I found that the set worked 
well as long as it was connected to 
an external aerial. Realistically, to 
use this set, you need to be in the city 
or surrounding suburbs so that you 
have access to nice strong stations and 
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even then, you would at least need to 
string a wire around your living room 
(if you couldn’t run a longer outdoor 
antenna). 

Unfortunately, these days in the sub- 
urbs of Sydney, there is a lot of interfer- 
ence to the AM broadcast band, from 
switchmode-based lighting (CFLs and 
LEDs), poorly installed solar panel in- 
verters, overloaded street transformers 
and so on. So it wasn’t surprising that 
I needed a decent aerial to get decent 
reception. 


Checking its operation 


I then checked all the DC voltages 
and found most to be as shown on the 
service manual circuit diagram, with 
-8V back bias indicating that the set 
had the expected current draw. The 
hum level was a bit high though, with 
HT ripple measuring about 0.5VAC at 
the HT 16pF capacitor (#18), increas- 
ing to about 2VAC when tuned into a 
strong station, with the audio modu- 
lating the rail! 

So I fitted a new high-voltage elec- 
trolytic capacitor across #18, leaving 
the original in place. That drastically 
reduced the hum, both audibly and 
on the scope. 

I probed the audio both at the de- 
modulator diode output (across 250pF 
capacitor #14) and at the input to the 
6AQ5 amplifier valve. The loss of high- 
frequency information due to the top- 
cut was readily visible upon compar- 
ing the resulting traces. 

I also checked the operation of 
the oscillator and measured a clean 
~1.5MHz sinewave at pin 1 of the 
6BE6. I could also see that the mixer 
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was working nicely by probing the 
6BE6’s grid, which revealed a mix of 
the incoming RF signal and the oscil- 
lator signal, as expected. 

With the set up and running, I 
popped it back into the cabinet and 
had a listen via the massive Rola 5C 
speaker. I had to shuffle both sets of 
controls around a bit by loosening the 
fixing nuts and bolts to get them in the 
best position to line up with the cabi- 
net holes. The best that I can say about 
its sound quality is that itis “pleasant”. 


Aesthetic restoration 


Having established that everything 
was working well, Iremoved the chas- 
sis again and cleaned it up. 

Ibrushed the top of the chassis with 
Jaycar PCB cleaner to remove the dirt 
and applied a bit of black paint to the 
rusty laminations on the power trans- 
former. I then sprayed a light coat of 
Jaycar PCB clear coat over the lot, tak- 
ing care not to get any of that into the 
tuning mechanism. 

That improved the appearance of 
the chassis no end, so I did the same to 
the speaker and left them to dry while 
I had a go at the cabinet. 

The cabinet was in good shape with 
just a couple of cracks and finished 
in a custard colour they call cream. 
I gave it a good wash in warm water 
and rubbed it back with soap inside 
and out. Once that was done it did not 
look so bad. I had considered painting 
it blue or red as I have done to other 
similar sets, but seeing I don’t have a 
cream radio, I left this one as-is. 

I removed a lot of marks and in- 
grained dirt spots with a good rub 
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The underside of the chassis is 
primarily populated by resistors and 
capacitors. The photoon the right 
shows the newly fitted electrolytic 
capacitor which reduces audible hum. 


over with 0000# steel wool, followed 
by car polish and a wool buff. This 
just exposed all the imperfections on 
the surface of the plastic, so I backed 
the shine off a bit by polishing the 
plastic with a fine abrasive pad and 
left it at that. 

The last thing to do was cut up and 
fit a replacement backplate. I could not 
find a picture of what shape was fit- 
ted originally so I just cut up a paper 
template from my imagination until it 
fitted into the back. 

I then cut a scrap of fibreboard to 
the shape of the template and drilled 
the four securing holes. Once it fitted 
in OK, I cut a big chunk out of the top 
to form a handle which also acts as a 
vent for hot air to escape. I then cut 
a few slots toward the bottom for the 
cords to pass through, and others to 
let in some fresh, cool air. 

The fibreboard tends to fluff at the 
edges where it was cut, so I sprayed 
the whole thing with a couple of thick 
coats of automotive filler undercoat to 
hold it together. Then, as I had a nearly 
empty can of iridescent Hot Red paint, 
I emptied it onto the back for a bit of 
contrast with the case. Whether you 
consider the final result good or not 
is a matter of taste. SC 


So 


2 ee ea, 


CIRCUIT NOTEBOOK 


Interesting circuit ideas which we have checked but not built and tested. Contributions will be 
paid for at standard rates. All submissions should include full name, address & phone number. 


AVR-based inductance/capacitance/frequency meter 


SILICON CHIP has published sev- 
eral inductance/capacitance meters 
over the last ten years, and they have 
mostly been based on Neil Hecht’s 
1998 design. 

This incorporates the unknown 
component into a wide-range oscil- 
lator and measures the resulting fre- 
quency shift to determine the compo- 
nent value. 

His original design used an LM311 
high-speed comparator. This one 
is slightly different because it uses 
the more widely available LM393 
dual comparator. The SILICON CHIP 
May 2008 (siliconchip.com.au/ 
Article/1822) design used the internal 
comparator in a PIC16F628A micro- 
controller. 

The second stage of the dual com- 
parator acts as a Schmitt trigger 
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buffer to “square up” the oscillator’s 
output signal and make it easier for 
the micro to measure its frequency 
accurately. 

The result is a relatively simple 
and accurate L/C/f (inductance, ca- 
pacitance and frequency) meter which 
measures inductance from 100nH to 
700mH, capacitance from 0.1pF to 
800nF and frequency up to 6MHz. 

The unit has an automatic calibra- 
tion system so that the readings are as 
accurate as possible. 

As with other similar designs, if 
the device under test (DUT) is an in- 
ductor, it is connected in series with 
known-value inductor L1, while if it 
is a capacitor, it is connected in par- 
allel with known-value capacitor C1. 
In both cases, this results in a lower 
oscillation frequency. 


IC2: LM393 
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The pre and post frequency readings 
are fed into a mathematical formula, 
along with the values of the known 
components, to compute the value of 
the DUT. 

When the circuit is powered up, it 
performs a three-second automatic 
calibration procedure, during which 
time digital output PD3 (pin 5) is high, 
switching on Q1 and RLY1. 

This grounds one end of L1 so that 
the oscillator will operate normally 
even without a DUT connected. The 
micro then measures the oscillator’s 
free-running frequency, to be used 
in later calculations when a DUT is 
connected. 

If DPDT switch S3 is in the “L” posi- 
tion, any component connected to the 
input terminals will be shorted out by 
RLY1 and therefore it won’t affect cali- 


+5V 
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bration. However, if S3 is in the “C” 
position, the external component will 
still affect the oscillator frequency, so 
during power-on, either leave the in- 
put terminals disconnected or place 
S3 in the “L” position. 

DPDT switch S4 can be used to 
disconnect the oscillator from mi- 
crocontroller IC1’s pin 6 frequency 
measurement input and instead con- 
nect external frequency measurement 
socket CON1. 

This allows it to measure the fre- 
quency of a signal fed into CON1 but 
note that this input is DC-coupled and 
it will need to have positive peaks of 
at least 3V to give accurate measure- 
ments. 

When S4 is set to measure external 
frequencies, its other pole connects 
digital input PD1 (pin 3) to ground. 
This pin is configured by the software 
to have a pull-up current, so it will 
transition from a high to low volt- 
age and the micro can detect this, to 
change its display accordingly. 

The LCD is driven in 4-bit mode us- 
ing digital outputs PBO-PB5 (pin 14- 
19). Its backlight brightness is fixed at 
a moderate level by the 470Q resistor 
between the 5V supply and its pin 15 


(backlight anode), while contrast can 
be adjusted using trimpot VR1. 

Micro IC1 runs at 16MHz, as deter- 
mined by crystal X1. This is important 
for accurate frequency measurements 
(and thus accurate LC readings). 

The whole circuit is powered from 
a 5V DC supply, fed in externally at 
CON2. 

Be careful with the supply polarity 
as the circuit lacks protection against 
reversed polarity. 

The reset pushbutton switch, S2, 
can be used to recalibrate the circuit 
manually. During calibration or recali- 
bration the LCD reads “Calibrating...” 
on the first line and a bargraph in pro- 
gression on the second line. 

The software uses both hardware 
TIMERO and TIMER? for the frequency 
measurements. TIMERO operates as a 
counter while TIMER1 is employed 
as a time reference, incremented by a 
clock derived from crystal X1. 

The software is written using BAS- 
COM and the files, named “ATmega 
LCF Meter.bas” and “ATmega LCF 
Meter.hex”, are available for download 
from the SILICON CHIP website. 

Mahmood Alimohammadi, 

Tehran, Iran. ($65) 


X1 16MHz 
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Micromite-based Colour Organ 


This “colour organ” was designed 
to drive RGB LED strip modules that 
are available on eBay (search for 
“WS2812B”). 

These strips contain LEDs that are 
individually controlled by inbuilt 
WS2812 chips, allowing each LED 
to display one of 16 million colours. 
You can also use the Jaycar Arduino 
Compatible RGB LED Strip Module 
(Cat XC4380). 

The LEDs in the strips are controlled 
so that their brightness and colour var- 
ies in time to music which is fed into 
the unit. If you choose to use multiple 
LED strips, the pattern travels down 
each strip over time, displaying a his- 
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torical record of the sounds as colours 
— a time vs frequency vs amplitude 
display. With multiple LEDs strips, 
this can provide an impressive display. 

The WS2812 in the LED strips uses 
a proprietary serial protocol which 
passes the data for its current colour 
to the next LED when new colour data 
is passed into it. 

This means that many LEDs can be 
chained together and each is individu- 
ally addressable. 

My display uses red to represent 
audio frequencies around 62Hz, then 
orange, yellow, green and blue to rep- 
resent successively higher frequency 
bands for a total of eight bands. 


BC548 
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It also has five separate PWM out- 
puts to drive conventional LEDs, 
representing five audio bands. I have 
tested these driving high-brightness 
10mm LEDs. 

The circuit is based around a PIC- 
32MX170 processor running MMBa- 
sic. The left and right channel audio 
signals are mixed together using 1kQ 
resistors and then the level is adjusted 
by potentiometer VR1. 

The signal is AC-coupled to the non- 
inverting input (pin 3) of op amp IC2a 
and biased to around 1.76V DC via a 
10kQ resistor. 

The 1.76V DC reference is generated 
using a resistive divider of 2.2kQ and 
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1.2kQ across the 5V supply rail, with 
a 10pF filter capacitor to remove any 
supply ripple or noise. 

The same reference voltage is used 
as the return point for the feedback 
network, which provides a signal gain 
of 7.8 times (68kQ + 10kQ + 1). 

The 10nF capacitor across the feed- 
back resistor reduces the gain above 
2.7kHz. The signal is then fed to op 
amp IC2b which forms a Sallen-Key 
second-order low-pass filter with a 
corner frequency of 2.7kHz. 

This may seem low compared to the 
normal 20kHz upper limit used for 
music, but there is very little musical 
information above 3kHz. 

What you get is a lot of harmonics 
or noise (eg, from percussion instru- 
ments) that adds richness to the sound, 
but the fundamentals are mostly be- 
low 3kHz. 

The signal is then fed to pin 2 of mi- 
crocontroller IC1 via a 10kQ current- 
limiting resistor. 

This pin is capable of being used as 
an analog input, to feed the micro’s 
internal analog-to-digital converter 
(ADC). The software samples the volt- 
age at this pin 4000 times per second 
(ie, a 4kHz sampling rate). 

Technically the low-pass filter cut- 
off frequency should be 2kHz for 4kHz 
sampling rate, as the signals above 
2kHz alias into the 1.3-2kHz band. 

This flaw has been used to our ad- 
vantage as it makes the highest band 
responsive to signals up to 2.7kHz in- 
stead of 2kHz; the data is being aver- 
aged by the software anyway. 

IC1 provides software-driven PWM 


outputs at pins 4, 5, 6, 26 and 24 which 
drive NPN transistors Q1-Q5 via 2.2kQ 
base resistors, to drive the five sets of 
colour LEDs. 

Each different colour of LEDs uses 
different value series resistors to get 
reasonable brightness matching. These 
were chosen to suit Jaycar high-bright- 
ness 10mm LEDs. 

If you want to drive more than two 
LEDs per output, you could change 
Q1-Q5 to BC337 types which can drive 
10 or so LEDs in parallel. 

Serial data for the RGB LED strips 
is produced at pin 16. The only oth- 
er connections required for the LED 
strips are the 5V supply voltage and 
ground. 

The software has three modes: 1) 
driving the LED strips only, 2) driv- 
ing the individual PWM outputs, or 
3) driving both. 

On power-up the red LEDs driven 
by Q1 flash three times. To select the 
mode, switch on the power, wait for 
the flash for the mode (eg, the third 
flash indicates mode 3), then switch 
off the power. Switch the power back 
on again and leave it alone. It will still 
flash 3 times, but then it will remain 
in the selected mode each time you 
switch it on thereafter. 

The Micromite software (written in 
BASIC) periodically samples the au- 
dio at input pin 2 64 times (at a 4kHz 
rate) and then feeds the data into a fast 
Fourier transform (FFT) subroutine. 
This returns 32 values representing 
the amplitudes of the sinewave com- 
ponents of this audio sample, equally 
spaced in frequency from DC to 2kHz. 


The software uses CFUNCTIONS for 
the FFT and WS2812 drivers written 
by Peter Mather of The Back Shed. 

Since the human ear’s response to 
sound frequency is roughly logarith- 
mic, the data is sorted into values that 
match human perception, with the 
lowest values at 62Hz and 125Hz be- 
ing used directly to drive the outputs, 
while the upper values (eg 1.3kHz- 
2kHz) are averaged together. 

64 samples may not sound like a 
lot but the problem with FFTs is that 
if you increase the number of samples 
to get better low-frequency resolution, 
you need to sample significantly more 
data and it takes longer to process. 

After experimenting with a range of 
sample sizes from 32 to 512, I found 
that 64 gives the best compromise of 
speed and resolution. 

Even though a lot of the code is in 
BASIC, the display still refreshes 16 
times per second with 62Hz frequency 
resolution. 

Reducing the FFT size to 32 brings 
the refresh rate up to about 25Hz, im- 
proving responsiveness (particularly 
of hi-hats) at the expense of resolution. 

The data is sorted into eight groups 
for driving the LED strips and five 
groups for the LEDs driven by transis- 
tors Q1-Q5. 

The circuit can be powered by a 5V 
plug pack and typically draws less 
than 100mA, so it can be powered by 
a discarded mobile phone charger. 

The single BASIC file will be avail- 
ble from the SILICON CHIP Online Shop. 

Dan Amos, 

Macquarie Fields, NSW. 


6V SLA Automatic Switchmode Solar Charger 


This automatic switchmode solar 
battery charger is designed to suit 6V 
lead-acid batteries of around 4Ah. It 
uses commonly available 12V or 24V 
(nominal) solar panels. 

It accommodates a wide range of 
panel voltages (9-30V) by using a step- 
down (buck) converter. This type of 
configuration has relatively low losses 
as it does not require a transformer, 
it just needs an inductor of around 
30nH/5A. I measured the efficiency as 
86% when charging a 6V SLA with a 
9V DC input. 

I decided to use a 6V lead-acid bat- 
tery since they have a high capacity 
for the price and the charging scheme 
is quite simple. 


siliconchip.com.au 


It’s based around IC1, the ubiquitous 
MC34063 switch-mode controller. It 
uses an external bipolar transistor, Q1 
(TIP32) as the pass element for higher 
efficiency compared to using IC1’s in- 
ternal transistor. 

Although the datasheet says that 
the MC34063 can switch currents up 
to 1.5A, in practice the IC becomes 
hot. The TIP32 has a high current 
rating so the saturation voltage is 
low and this improves the overall 
efficiency. 

The 0.33Q resistor between IC1's 
pins 6 and 7 sets the current limit of 
the converter to 400mA which allows 
us to charge a completely flat 4Ah bat- 
tery in 10 hours. 
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The charging time is quite long but 
this ensures the plates of the battery 
will not buckle, which can happen 
with high charging currents. 

It may take longer than 10 hours 
to charge depending on the size of 
the solar panels and how much light 
they are exposed to, while it will take 
less time if the battery is not fully 
discharged. 

The 180Q base resistor for Q1 was 
chosen to allow the TIP32 to saturate, 
ie, to act as a switch. The 330Q resistor 
between its base and emitter ensures 
it switches off quickly once the base 
drive from IC1 switches off. 

Schottky diode D1 is essential since 
the collector of Q1 will be pulled 
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negative by the collapsing magnetic 
field in L1 when Q1 switches off. 
“Freewheeling” diode D1 ensures that 
it cannot go more than about 0.5V be- 
low ground, to prevent damage to Q1. 

Schottky diodes have a very fast 
recovery time which is vital for good 
efficiency in a switchmode circuit. 

The 5.1kQ and 1kQ resistors form 
a voltage divider which samples the 
output of the converter and feeds it 
back to IC1 so that it can regulate the 
output to around 7.6V, suitable for 
charging a 6V battery. 

IC1 has an internal 1.25V reference 
and this is effectively multiplied by 
the divider ratio, ie, 7.6V ([5.1kQ + 
1kQ + 1] x 1.25V). 

For a higher voltage, IC1 adjusts its 
output pulse width to be longer, result- 
ing in a higher duty cycle. The duty 
cycle has an upper limit since a wide 
pulse width can saturate the core of 
inductor L1 which will cause a dra- 
matic increase in current draw and a 
loss in efficiency. 

Op amp IC2 (MC34072) is responsi- 
ble for battery charge control. Another 
TIP32 PNP transistor (Q2) switches 
current flow from the output of the 
DC/DC converter to the battery. 

When the output of op amp IC2a is 
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high, NPN transistor Q3 is on, sink- 
ing current from the base of Q2 and 
so charging the battery via schottky 
diode D6. As with Q1, Q2's base resis- 
tor value is low, so it acts as a switch. 

The inverting input of IC2a (pin 2) is 
connected to the battery via a resistive 
divider, so it has 43.4% of the battery 
voltage applied — ie, if the battery is at 
6V, pin 2 of IC2a is at 2.61V. 

The non-inverting input, pin 3, is 
fed from a TL431 adjustable voltage 
reference IC (REF1). The 1.8kQ and 
10kQ resistors program it to produce 
2.95V. 

This means that, as long as the bat- 
tery voltage is below 6.785V (2.95V x 
[10kQ + 13kQ] + 10kQ), the output (pin 
1) of op amp IC 2a will be high and so 
current can flow into the battery. 

Once it reaches about 6.785V 
(2.26V/cell), pin 1 of IC2a goes low, 
switching off Q3 and Q2 and therefore 
charging stops. 

When this happens, PNP transistor 
Q4 switches on as current can flow 
from its base, through the 4.7kQ resis- 
tor to pin 1 of IC2. 

This effectively shorts out the 1.8kQ 
resistor between the cathode and ad- 
justment pin of REF1, and as a result, 
the reference voltage drops to 2.5V. 
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That means that the battery voltage 
must drop below 5.75V (2.5V x 23kQ 
+ 10kQ) (1.92V/cell) before charging 
will resume. 

This arrangement has the advan- 
tage that the hysteresis and threshold 
voltages are independent of the battery 
and supply voltages. 

When transistors Q3 and Q2 are on 
and the battery is being charged, Q3 
also pulls current through LED1, in- 
dicating that charging is taking place. 

If the battery voltage is above 5.75V 
and the charger is off but you want to 
charge it, pressing S1 briefly pulls in- 
put pin 2 of IC2a low, forcing it to start 
charging. It will continue charging as 
long as the battery voltage is below the 
6.785V threshold. 

A separate 6V DC output is provided 
at CON2. Since the charging voltage is 
higher, standard silicon diode D4 and 
schottky diodes D5 and D6 are con- 
nected in series to drop the voltage, 
so it’s closer to 6V. 

This is regulated to 5V by low-drop- 
out linear regulator REG1, to provide 
a convenient 5V output at CON3. But 
note that it has limited current deliv- 
ery of 100mA maximum. 

Noel Rios, 

Manila, Philippines ($90). 
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and we’ll answer your question. Send your email to 


ilicon 
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LED lights on dimmer 
flicker periodically 


Recently, my daughter’s home was 
renovated, and new lighting was in- 
stalled by a licenced electrician. They 
now have multiple dimmable LED 
downlights in two rooms, four in each 
room, and each with a dimmer. 

Your February 2019 article on your 
Trailing Edge Dimmer, by John Clarke, 
prompted me to contact you with this 
problem. 

Around 8pm, the lights in these 
rooms flicker annoyingly for a min- 
ute or two. The lights are usually on 
for several hours before this with no 
flicker and the dimmers are not being 
adjusted at the time. 

This issue was reported to the elec- 
trician by my daughter, and he an- 
swered that this was due to signals on 
the power. He suggested these could 
be due to DRED (DRM) signals or Off- 
Peak signals, and that an “expensive 
filter” could be installed to alleviate 
this problem. 


My daughter did not take this op- 
tion. This puzzles me as surely this is 
not the only house with this annoying 
problem in Australia. 

I have not looked into this in detail 

as yet, but could this be due to an in- 
appropriate dimmer that the electri- 
cian has installed, or is it a general 
problem being experienced out there 
and that someone is looking into for 
a resolution. Your feedback would 
be greatly appreciated. (B. C., Moss 
Vale, NSW) 
@ This is most likely due to the dim- 
mer failing to filter out the mains con- 
trol tones in its zero crossing detector. 
That suggests a poor dimmer circuit 
design. Perhaps your electrician could 
swap the dimmer for one that does not 
have that failing. 

It would be possible to install a filter 
to remove the control tones from that 
circuit, but it should not be necessary. 

Our recent Trailing Edge Touch & 
IR Remote Control Dimmer design 
(February & March 2019; siliconchip. 
com.au/Article/3750) does not have 


this shortcoming so there must be 
commercial models out there which 
can adequately reject the control 
tones. 

Unfortunately, you may need to try 
a couple of different LED-compatible 
dimmers before you find one that isn’t 
affected by control tones, which like- 
ly means some more visits from your 
electrician. 


High power audio 
amplifier module 


Have you produced any amplifier 
module designs that could be used to 
substitute for the boards in a Peavey 
PV-8.5C 2x550W amplifier? 

It appears to have +82V DC supply 
rails, and this one is in a rather sad 
state. The case and the rather massive 
transformer look useable, though. I 
might get it all going yet, but ifI can’t, I 
may need to build replacement ampli- 
fier modules. (A. S., via email) 

@ We published a design in August- 
September 1997 which is almost 


Some)touchscreens have reversed touch|panels 


I recently purchased the kits for 
your Lab Quality Programmable 
GPS-Synched Frequency Reference 
unit and now that all boards are pop- 
ulated, I powered up the unit using 
a different GPS unit (Neo-6M-0-001) 
that has a facility to use an exter- 
nal powered antenna. I am using a 
tried-and-tested antenna that works 
with all my other GPS units on my 
test bench. 

Having powered it up, I found 
that quite a few of the on-screen 
buttons do not work and there are 
some fluctuating frequencies at the 
3 BNC sockets as measured on my 
HP 5335A meter. 

Try as I may, no manner of ma- 
nipulations of the status button us- 
ing the stylus lets me get into that 
screen. I hope this is not due to a 
software bug. 

I have been building surface 
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mount boards and populating them 
for many years now, so I tend to be- 
lieve the hardware side of the con- 
struction is OK but who knows. Any 
help/advice will be appreciated. (M. 
T., Woodvale, WA) 

@ Some of the new 2.8-inch LCD 
touchscreens we are receiving from 
suppliers these days seem to have a 
different touch sensor calibration to 
the original screens we used. 

This means that the touch cali- 
bration in the pre-loaded software 
does not work correctly ‘out-of-the- 
box’. You need to issue a “GUI CAL- 
IBRATE” command and follow the 
prompts to calibrate the unit for the 
different screen. 

The screens with differing touch 
sensor calibration seem to be the ones 
that come with a stylus. At least one 
of the touch axes is reversed! Regard- 
less, this is fixed by a re-calibration. 
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Other screens we receive still work 
with the default calibration, so we’re 
loath to change it. 

Note though that with this project, 
since OPTION BREAK 0 has been set 
(as otherwise, the 40MHz signal on 
the RX pin would reset the unit), it’s 
not possible to break out of the GPS 
Frequency Reference software to get 
back to the Micromite terminal. 

The solution to this is to start with 
a blank Micromite (reload the Mi- 
cromite firmware to reset the Micro- 
mite) and set up the Micromite with 
the following commands: 

OPTION LCDPANEL ILI9341, L, 

2, 23,6 

OPTION TOUCH 7, 15 

GUI CALIBRATE 

Then perform the “GUI TEST LCD- 
PANEL” and “GUI TEST TOUCH” 
commands to check that the display 
and touch panel are working. 
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exactly what you require: a 500W am- 
plifier module which runs from +70V 
DC supply rails (siliconchip.com.au/ 
Series/146). 

That design is still valid and all the 
components are still available, includ- 
ing the MJL21193 and MKL21194 out- 
put transistors. Your existing power 
supply is suitable. 

The problem with this is that there 
is no longer a source of PCBs for that 
project but perhaps you can etch one 
yourself, using the PDF pattern down- 
load from our website. 

Alternatively, you could modify the 
Studio 350 amplifier module design 
from the January and February 2004 
issues (siliconchip.com.au/Series/97). 
Jaycar still has a kit for that project, 
Cat KC5372. 

You would need to replace the 
MJE15030 and MJE15031 transistors 
with similar, higher-voltage transistors 
and you would also need to replace 
the 2SA1084 (90V) with a 2SA1085 
(120V) or similar. The other compo- 
nents seem OK for +82V. 


Problems loading DDS 
IF Alignment software 


A few months ago, I purchased a 
Micromite LCD BackPack kit from 
your Online Shop, programmed for 
the DDS Radio IF Alignment project. 
I have not been able to make it work. 
When I power it up, the display makes 
a horizontal and vertical sweep and 
then stays black without displaying 
shapes or colours. 

I have replaced the display and the 
AD9833 DDS module with program- 
mable attenuator, however, it keeps 
doing the same thing over and over 
again, so I suspect that the Micromite 
is defective. 

On your advice, I purchased a 
CP2102 USB/serial adaptor and tried 
to use this to re-load the IF Align- 
ment BASIC code (“DDSIFAlign.bas”). 
When I uploaded this using MMEdit, 
I got the message “Not enough memo- 
ry”. But I was able to successfully up- 
load “SigGenerator.bas” (the software 
on which the DDS IF Alignment code 
is based) and it then worked! 

Do you know why I’m getting this 
out of memory error? (M. R., Mexico 
City, Mexico) 

@ That’s a strange problem. When we 
developed and tested the software, we 
did not get a “Not Enough Memory” er- 
ror. We don’t know why you are getting 
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that now, with the same software and 
presumably identical hardware. 

We investigated further and we were 
able to get the same error message as 
you upon uploading the code, but not 
consistently! 

Since the program is close to the 
memory size of the Micromite, it ap- 
pears that under some circumstanc- 
es, it runs out of memory while being 
programmed. 

To solve this, we have split the code 
into two separate files, one of which 
can be compressed by the Micromite, 
thus freeing up valuable memory. To 
install the new firmware, use the fol- 
lowing steps: 

1) In the MMedit console, run the 
“new” command to ensure the 
flash is clear. 

2) Open the file “DDSIFAlign Fonts 
Only.bas” and upload the code to 
the Micromite. 

3) In the console, issue the “library 
save” command. This compresses 
the font data. 

4) Now open the “DDSIFAlign No 
Fonts.bas” file, and upload it. 

5) Issue the “run” command from 
the console. 


Majestic loudspeaker 


cabinet volume 


Ihave some questions about the Ma- 
jestic loudspeaker design published in 
the June and September 2014 issues 
(siliconchip.com.au/Series/275). 

How did you calculate the dimen- 
sions of the speaker cabinet? Were the 
speaker specs taken from etone’s spec- 
ification sheet or did you measure the 
drivers yourself? 

Why do you think the Celestion 

FTR15-4080FD woofer would be suit- 
able in the same cabinet, given that 
its specifications are different? (R. C., 
Baulkham Hills, NSW) 
@ We asked the designer, Allan-Lin- 
ton Smith and his response is: there’s 
no simple answer to these questions 
because the design and development 
of the Majestic speakers took over two 
years and many calculations were 
made based off manufacturers’ data, 
measured data of bare drivers and driv- 
ers in various different cabinets, and 
many listening tests. 

It was a hard slog, and we did heaps 
of testing and tweaking, as the SILICON 
CHIP staff will no doubt be aware, as 
they were involved in some of these 
tests. 
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Having selected the etone 1525 
woofers due to their performance and 
value for money, the only problem was 
their very high specified VAS (564 li- 
tres) which required a ported box of 
around 200 litres. 

The initial cabinet dimensions were 
calculated using: siliconchip.com.au/ 
link/aanm This is a very basic box cal- 
culator but was good enough to help 
me decide to use the Kaboodle kitch- 
en cabinet to make construction eas- 
ier and as a bonus, it looks good too, 
with a dozen colour and finish options. 

Starting with this, after years of 
trial and error (including prototypes 
that SILICON CHIP rejected as being not 
good enough!), I finally discovered the 
Majestic formula which was finally 
published. 

The alternative Celestion FTR15- 
4080FD woofer has a similar resonance 
and sensitivity but a much lower VAS, 
so it does not really need a 200L enclo- 
sure, but it is always best to go larger 
than smaller. 

Of course, we made measurements 
and performed listening tests with 
both woofers before recommending 
them. While we still think the etone 
woofer sounds better, the Celestion 
woofer gives a decent sound. 

The Celestion driver is also more 
expensive than the etone 1525, but it 
has three times the power handling 
(up to 1000W RMS)! 


Using a theremin near 


a steel structure 


A few years ago, I built the New, Im- 
proved Theremin Mk.2 from the March 
2009 issue of SILICON CHIP magazine 
(siliconchip.com.au/Article/1368), 
from a Jaycar kit (Cat KC5475). 

My plan was to incorporate it into a 
steel Meccano structure. I built it and 
plugged it and only to discover it did 
nothing. No sound at all. 

A bit of head scratching revealed 
that Q4, a BC548 transistor was re- 
versed. I should have noticed that all 
the transistors faced the same way. 

After replacing it, Iturned the power 
on again and could hear a very faint 
sound that could be altered by mov- 
ing my hand around the antenna, but 
it was obviously not right. 

The instructions spell out the proce- 
dure by telling you to wind the slugs 
of the IF coils until there is resistance. 
I couldn’t really feel any resistance 
to rotation on some of the coils but I 
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Valve)Preamp)PCB/circuit{discrepancyidoesnitaffectioperation 


I bought a couple of back issues 
of SILICON CHIP magazine and I am 
now reading the November 2003 
article titled “The project we swore 
we would never do... A VALVE 
PREAMP”. The circuit diagram of 
the valve preamp is shown on page 
30 and the PCB layout is shown on 
page 32. 

Regarding the feedback resistor 
string consisting of three 680kQ 1W 
resistors, a 220kQ and 47kQ resis- 
tor and a 100kQ trimpot, I noticed 
a discrepancy between the circuit 
and PCB design. 


could see the voltages change at the 
test points. Nothing seemed to get the 
voltage on TP3 up to 7V. The highest 
I could get was 2V. 

After months of trying to get it to go 
I gave up, but a couple of years later, I 
ran into your Vintage Radio contribu- 
tor Rodney Champness. He gave me 
some suggestions on getting my Ther- 
emin working. 

I brought out the Theremin to do 
some further troubleshooting and to 
my surprise, the faint whistle sud- 
denly became a very loud adjustable 
squeal when I touched the slug of T3. 

This is the white IF coil and now I 
remembered the difficulty I had find- 
ing its endpoints when turning the 
slug. I thought that maybe there was 
a dry joint, or perhaps the coil itself 


I live in Western Australia and 
would like to know more about laws 
regarding working on projects in- 
volving 230VAC mains power. Do 
I need to be a qualified electrician 
to build mains-powered kits or are 
there provisions allowing for this? 
(R. L., Bedford, WA) 
© John Clarke replies: as far as we 
are aware, the construction of a 
mains-operated project comes under 
the heading of manufacturing, where 
the electrical wiring has to comply 
with the wiring standards required 
for mains voltage safety. 

For our projects, provided that 
the project is built exactly as per 
our instructions, the project should 
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The circuit shows the trimpot at 
the bottom of this divider string, 
connecting directly to the ground 
rail. 

But on the PCB, the 220kQ re- 
sistor connects to ground with the 
trimpot then connecting to it and 
thence to the remaining resistors in 
the divider. 

Can you tell me which is correct, 
the circuit diagram or PCB? I want 
to check this before I etch a PCB. (J. 
H., Scotland, UK) 
© You are right that the circuit dia- 
gram and PCB pattern do not show 


was faulty, so I purchased a new one 
to replace it. 

After doing that, turning the slug 
revealed definite endpoints. Upon 
power-up, I was delighted to hear the 
unmistakable sound of Dr Who. 

After adjusting all the coils, I had 
the correct reading of 7V at TP3 anda 
very likable sound coming out of the 
speaker. 

Unfortunately, the volume plate still 
had little effect, so this project is still 
on the bench. I will set about building 
it into a Meccano box before I retune 
it and tweak the volume. 

I pulled the metal cap off the faulty 
coil and discovered the slug screwed 
into a plastic cube and the threads in- 
side were stripped. Maybe I’d screwed 
it out too far and stripped the thread 
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be deemed safe. In other words, you 
are following our instructions to 
complete the wiring in a way that 
complies with the standards. 

If you are unsure, have your com- 
pleted unit checked and tested by a 
licensed person (test and tag person 
or electrician) to ensure it complies 
to the safety requirements. Note that 
the tagging ofa tested item is only re- 
quired for appliances used at work- 
places, not in the home. 

For Western Australia, the guide 
to test and tag can be viewed at: 
http://siliconchip.com.au/link/aani 

Regarding manufacture of equip- 
ment, the following link (for Queens- 
land, but we expect WA legislation 
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the same thing; however, both con- 
figurations provide the same func- 
tion. 

Either way, trimpot VR1 is in se- 
ries with the 220kQ resistor and pro- 
vides a means of changing the resist- 
ance of the bottom leg of the voltage 
divider, thus adjusting the power 
supply’s output voltage. 

So, if you etch a PCB from the 
pattern we published, it certainly 
should work. 

We have updated the circuit dia- 
gram in our online issue to match 
the PCB configuration shown. 


but I doubt I would have used any 
force on such a small electronic com- 
ponent. 

Can you suggest how I can get the 
volume control working properly? 
Even as it is, the sound is so very 
cool! Also, do you think the steel in 
the Meccano structure will prevent it 
from working, once it’s in place? (J. B., 
Benalla, Vic) 
© If you carefully follow the instruc- 
tions in the Theremin article regard- 
ing adjustment of the volume range 
using the plate, you should be able to 
get that section working. 

It would be best to do that before in- 
stalling it in the metal Meccano case; 
otherwise, you will not know if it is 
the case or adjustments that prevent 
the volume plate action from working. 


to be similar) has the details in sec- 
tion 2d (http://siliconchip.com.au/ 
link/aanj): 

2(d) assembling, making, modi- 
fying or repairing electrical equip- 
ment ina workplace under the Work 
Health and Safety Act 2011 that is 
prescribed under a regulation for 
this paragraph, if that is the prin- 
cipal manufacturing process at the 
workplace, and arrangements are 
in place, and are detailed in written 
form, for ensuring that - 

(i) the work is done safely and 
competently; and 

(ii) the equipment is tested to 
ensure compliance with relevant 
standards; 
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SILICON, 
CHIP... 


Looking for a specialised component to build that latest and greatest SiLicon CHIP project? Maybe it's the PCB you're 
after? Ora pre-programmed micro? Or some other hard-to-get “bit”? The chances are they are available direct from the 
SILICON CHIP Online Shop. 

* PCBs are normally IN STOCK and ready for despatch when that month's magazine goes on sale (you don’t have to wait for them to be made!). 

e Even if stock runs out (eg, for high demand), in most cases there will be no longer than a two-week wait. 

* One low p&p charge: $10 per order, irregardless of how many items you order! (AUS only; overseas clients - check the website for a postage quote). 

* Our PCBs are beautifully made, very high quality fibreglass boards with pre-tinned tracks, silk screen overlays and where applicable, solder masks. 
* Best of all, subscribers receive a 10% discount on purchases! (Excluding subscription renewals and postage costs) 


tease seer k 
PayPal, 
HERE'S HOW TO ORDER: VISA Eert 


WY INTERNET (24 hours, 7 days): Log on to our secure website - : 
siliconchip.com.au, click on “SHOP” and follow the links SACRO AUS ERONR ROELARS (PAUN) 


A EMAIL (24 hours, 7 days): email silicon@siliconchip.com.au — Clearly tell us what you want and include your contact and credit card details 

e MAIL (24 hours, 7 days): PO Box 139, Collaroy NSW 2097. Clearly tell us what you want and include your contact and credit card details 

A PHONE (9am-5pm AET, Mon-Fri): Call (02) 9939 3295 (INT +612 9939 3295) - have your order ready, including contact and payment details! 
YES! You can also order or renew your SILICON GHIP subscription via any of these methods as well! 


$10 MICROS $15 MICROS 
ATtiny816 Development/Breakout Board (Jan19) Four-Channel DC Fan & Pump Controller (Dec18) 


Temperature Switch Mk2 (June18), Recurring Event Reminder (Jul18) Programmable Ignition Timing Module (Jun99), Fuel Mixture Display (Sept00) 

Door Alarm (Aug18), Steam Whistle (Sept18) Oscar Naughts And Crosses (Oct07), UV Lightbox Timer (Nov07) 

White Noise / Insomnia Killer (Sept18 / Nov18), Remote Control Dimmer (Feb19) 6-Digit GPS Clock (May-Jun09), 16-bit Digital Pot (Jul10), Semtest (Feb-May12) 

UHF Remote Switch (Jan09), Ultrasonic Cleaner (Aug10) í PIC16F2550-1/SP Batt Capacity Meter (Jun09), Intelligent Fan Controller (Jul10) 

Ultrasonic Anti-fouting (Sep10), Cricket/Frog (Jun12), Do Not Disturb (May13) —pigagrasso-1/p Multi-Purpose Car Scrolling Display (Dec08), GPS Car Computer (Jan10) 

IR-to-UHF Converter (Jul13), UHF-to-IR Converter (Jul13) M Mo Ss Digital Sound Eff Aug 

PC Birdies *2 chips — $15 pair* (Aug13), Driveway Monitor Receiver (July15) PIC32MMO0256GPM028-I/SS Super Digital Sound Effects (Aug18) MS 
PIC32MX170F256B-501/SP Micromite Mk2 (Jan15) + 47u4F, Low Frequency Distortion Analyser (Apr15) 


Hotel Safe Alarm (Jun16), 50A Battery Charger Controller (Nov16) l l / | 
Kelvin the Cricket (Oct17), Triac-based Mains Motor Speed Controller (Mar18) Micromite LCD BackPack [either version] (Feb16), GPS Boat Computer (Apr16) 
Micromite Super Clock (Jul16), Touchscreen Voltage/Current Ref (Oct-Dec16) 


Heater Controller (Apr18), Useless Box IC3 (Dec18) i i 
Courtesy LED Light Delay for Cars (Oct14), Fan Speed Controller (Jan18) Micromite LCD BackPack V2 (May17), Deluxe eFuse (Aug17) 
Micromite DDS for IF Alignment (Sept17), Tariff Clock (Jul18) 


Microbridge (May17), USB Flexitimer (June18), Digital Interface Module (Nov18) GPS-Synched Frequency Reference (Novis) 


PIC16F1459-1/SO 
PIC16F84A-201/P 


ATtiny816 
PIC12F617-1/P 


PIC16F877A-I/P 
PIC12F675-1/P 


PIC12F675-E/P 
PIC16F1455-1/P 


- HI E ition (Nov/Dec12), Speedo Correct t13 : : 

Pi OESR A an e E Et cen da a ai (Feb14)  PIC32MX270F256B-501/SP ASCII Video Terminal (Jul14), USB Mouse & Keyboard Adaptor (Feb19) 
Automotive Sensor Modifier (Dec16) PIC32MX795F512H-801/PT Maximite (Mar11), miniMaximite (Nov11), Colour Maximite (Sept/Oct12) 

PIC16F88-1/P Projector Speed (Apr11), Vox (Jun11), Ultrasonic Water Tank Level (Sep11) Touchscreen Audio Recorder (Jun/Jul 14) 


dsPIC33FJ64MC802-E/SP Induction Motor Speed Controller (revised) (Aug13) 
$20 MICROS 
Stereo Audio Delay/DSP (Nov13), Stereo Echo/Reverb (Feb 14) 
Digital Effects Unit (Oct14) 


Quizzical (Oct11), Ultra LD Preamp (Nov11), 10-Channel Remote Control 
Receiver (Jun13), Revised 10-Channel Remote Control Receiver (Jul13) 
Nicad/NiMH Burp Charger (Mar14), Remote Mains Timer (Nov14) 

Driveway Monitor Transmitter (July15), Fingerprint Scanner (Nov15) 

MPPT Lighting Charge Controller (Feb16), 50/60Hz Turntable Driver (May16)  PIC32MX470F512H-120/PT Micromite PLUS Explore 64 (Aug 16), Micromite Plus LCD BackPack (Nov16) 
Cyclic Pump Timer (Sep16), 60V 40A DC Motor Speed Controller (Jan17) 


Pool Lap Counter (Mar17), Rapidbrake (Jul17), Deluxe Frequency Switch (May18) PIC32MX470F512L-120/PT Micromite PLUS Explore 100 (Sep-Oct16) 
Useless Box IC1 (Dec18), Remote-controlled Preamp with Tone Control (Mar19) dsPIC33FJ128GP802-I/SP Digital Audio Signal Generator (Mar-May10), Digital Lighting Cont. (Oct-Dec10) 


Garbage Reminder (Jan13), Bellbird (Dec13), GPS Analog Clock Driver (Feb17) ped eh 1, prona, A LHe isot Navi2) 


When ordering, be sure to select BOTH the micro required AND the project for which it must be programmed. 


PIC32MX470F512H-I/PT 


PIC16LF88-1/P 


DAB+/FM/AM RADIO 
- main PCB with IC1 pre-soldered 
- main PCB with IC1 and surrounding components (in box) pre-soldered 
- Explore 100 kit (Cat SC3834; no LCD included) 
- laser-cut clear acrylic case pieces 
- set of extra SMD parts (contains most SMD parts except for the digital audio vou 
- extendable VHF whip antenna with SMA connector: 700mm ($15.00) and 465mm ($10.00) 
- PCB-mounting SMA ($2.50), PAL ($5.00) and dual-horizontal RCA ($2.50) socket 


TOUCH & IR REMOTE CONTROL DIMMER (FEB 19) 
N-channel Mosfets Q1 & Q2 (SIHB15N60E) and two 4.7MQ 3.5kV resistors $20.00 
IRD1 (TSOP4136) and fresnel lens (IMLO688) $10.00 


MOTION SENSING SWITCH (SMD VERSION) (FEB 19) 
Short form kit (includes PCB and all parts, except for the extension cable) $10. 


(OCT 17) 
$69.90 
$15.00/pk. 


PARTS FOR THE 6GHz+ TOUCHSCREEN FREQUENCY COUNTER 
Explore 100 kit (Cat SC3834; no LCD included) 
one ERA-2SM+ & one ADCH-80A+ (Cat SC1167; two required) 


MICROBRIDGE COMPLETE KIT (CAT SC4264) (MAY 17) 
PCB plus all on-board parts including programmed microcontroller (SMD ceramics for 10uF) $20.00 


MICROMITE LCD BACKPACK V2 - COMPLETE KIT (CAT SC4237) (MAY 17) 
includes PCB, programmed micro, touchscreen LCD, laser-cut UBS lid, mounting hardware, 
SMD Mosfets for PWM backlight control and all other on-board parts $70.00 


SC200 AMPLIFIER MODULE (CAT SC4140) 
hard-to-get parts: Q8-Q16, D2-D4, 150pF/250V capacitor and five SMD resistors 


VARIOUS MODULES & PARTS 


JAN 17, 
f l $35 


SW-18010P vibration sensor (S1) 


DIGITAL INTERFACE MODULE KIT (CAT SC4750) 
Includes PCB, programmed micro and all other required onboard components 


TINNITUS/INSOMNIA KILLER HARD-TO-GET PARTS (CAT SC4792) 
One LF50CV regulator (TO-220) and LM4865MxX audio amplifier IC (SOIC-8) 


GPS-SYNCHED FREQUENCY REFERENCE SMD PARTS (CAT $C4762) 
Includes PCB and all SMD parts required 


SUPER DIGITAL SOUND EFFECTS KIT (CAT SC4658) (AUG 18) 
PCB and all onboard parts (including optional ones) but no SD card, cell or battery holder $40.00 


RECURRING EVENT REMINDER PCB+PIC BUNDLE (CAT SC4641) (JUL 18) 
PCB and programmed micro for a discount price $15.00 


USB PORT PROTECTOR COMPLETE KIT (CAT SC4574) (MAY 18) 
All parts including the PCB and a length of clear heatshrink tubing $15.00 


(NOV 18) 
$15.00 


(NOV 18) 
$10.00 


(NOV 18) 
$80 


MCP1700 3.3V LDO regulator (suitable for USB Mouse & Keyboard Adapator, FEB19) 
LM4865MX amplifier IC & LF5ÒCV regulator (Tinnitus/Insomnia Killer, NOV18) 
2.8-inch touchscreen LCD module with SD card socket (Tide Clock, JUL18) 

ESP-01 WiFi Module (El Cheapo Modules, Part 15, APR18) 

MC1496P double-balanced mixer IC (DIP-14) (AM Radio Transmitter, MAR18) 

WiFi Antennas with U.FL/IPX connectors (Water Tank Level Meter with WiFi, FEB18): 

5dBi - $12.50 ~ 2dBi (omnidirectional) — $10.00 
NRF24L01+PA+NA transceiver with SNA connector and antenna (El Cheapo 12, JAN18) $5.00 
WeMos D1 Arduino-compatible boards with WiFi (SEPT17, FEB18): 

ThingSpeak data logger — $10.00 ~ WiFi Tank Level Meter (ext. antenna socket) — $15.00 
Geeetech Arduino MP3 shield (Arduino Music Player/Recorder, VS1053, JUL17) 0 
1nF 1% MKP (5mm lead spacing) or ceramic capacitor (Wide-Range LC Meter, JUN18) 

MAX7219 LED controller boards (El Cheapo Modules, Part 7, JUN17): 

8x8 red SMD/DIP matrix display — $5.00 ~ red 8-digit 7-segment display — $7.50 

AD9833 DDS module (with gain control) (for Micromite DDS, APR17) 

AD9833 DDS module (no gain control) (El Cheapo Modules, Part 6, APR17) 

CP2102 USB-UART bridge 

microSD card adaptor (El Cheapo Modules, Part 3, JAN17) $2. 
DS3231 real-time clock with mounting spacers and screws (El Cheapo, Part 1, OCT1 6) $5.00 


www. siliconchip.com.au/shop 


* Prices valid for month of magazine issue only. All prices in Australian dollars and include GST where applicable. # P&P prices are within Australia. O’seas? Place an order on our website for an accurate quote. 
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NOTE: Not all PCBs are shown here due to space limits but the SILicon Cup Online Shop has boards going back to 2001 and beyond. 
For a complete list of available PCBs etc, go to siliconchip.com.au/sho, Prices are PCBs only, NOT COMPLETE KITS! 


PRINTED CIRCUIT BOARD TO SUIT PROJECT: PUBLISHED: PCB CODE: Price: PRINTED CIRCUIT BOARD TO SUIT PROJECT: PUBLISHED: PCB CODE: Price: 
2-WAY PASSIVE LOUDSPEAKER CROSSOVER JUN 2014 01205141 $20.00 MICROPOWER LED FLASHER OCT 2016 16109161 $5.00 
TOUCHSCREEN AUDIO RECORDER JUL 2014 01105141 $12.50 MINI MICROPOWER LED FLASHER OCT 2016 16109162 $2.50 
THRESHOLD VOLTAGE SWITCH JUL 2014 99106141 $10.00 50A BATTERY CHARGER CONTROLLER NOV 2016 11111161 $10.00 
MICROMITE ASCII VIDEO TERMINAL JUL 2014 24107141 $7.50 PASSIVE LINE TO PHONO INPUT CONVERTER NOV 2016 01111161 $5.00 
FREQUENCY COUNTER ADD-ON JUL 2014 04105141a/b $15.00TEMP- MICROMITE PLUS LCD BACKPACK NOV 2016 07110161 $7.50 
MASTER MK3 AUG 2014 21108141 $15.00 AUTOMOTIVE SENSOR MODIFIER DEC 2016 05111161 $10.00 
44-PIN MICROMITE AUG 2014 24108141 $5.00 TOUCHSCREEN VOLTAGE/CURRENT REFERENCE DEC 2016 04110161 $12.50 
OPTO-THEREMIN MAIN BOARD SEP 2014 23108141 $15.00 SC200 AMPLIFIER MODULE JAN 2017 01108161 $10.00 
OPTO-THEREMIN PROXIMITY SENSOR BOARD SEP 2014 23108142 $5.00 60V 40A DC MOTOR SPEED CON. CONTROL BOARD JAN 2017 11112161 $10.00 
ACTIVE DIFFERENTIAL PROBE BOARDS SEP 2014 04107141/2 $10.00/set 60V 40A DC MOTOR SPEED CON. MOSFET BOARD JAN 2017 11112162 $12.50 
MINI-D AMPLIFIER SEP 2014 01110141 $5.00 GPS SYNCHRONISED ANALOG CLOCK FEB 2017, 04202171 $10.00 
COURTESY LIGHT DELAY OCT 2014 05109141 $7.50 ULTRA LOW VOLTAGE LED FLASHER FEB 2017 16110161 $2.50 
DIRECT INJECTION (D-1) BOX OCT 2014 23109141 $5.00 POOL LAP COUNTER f MAR 2017 19102171 $15.00 
DIGITAL EFFECTS UNIT OCT 2014 01110131 $15.00 STATIONMASTER TRAIN CONTROLLER MAR 2017 09103171/2 $15.00/set 
DUAL PHANTOM POWER SUPPLY NOV 2014 18112141 $10.00 EFUSE APR 2017 04102171 $7.50 
REMOTE MAINS TIMER NOV 2014 19112141 $10.00 SPRING REVERB APR 2017 01104171 $12.50 
REMOTE MAINS TIMER PANEL/LID (BLUE) NOV 2014 19112142 $15.00 6GHz+ 1000:1 PRESCALER MAY 2017 04112162 $7.50 
ONE-CHIP AMPLIFIER NOV 2014 01109141 $5.00 MICROBRIDGE MAY 2017 24104171 $2.50 
TDR DONGLE DEC 2014 04112141 $5.00 MICROMITE LCD BACKPACK V2 MAY 2017 07104171 $7.50 
MULTISPARK CDI FOR PERFORMANCE VEHICLES DEC 2014 05112141 $10.00 10-OCTAVE STEREO GRAPHIC EQUALISER PCB JUN 2017 01105171 $12.50 
CURRAWONG STEREO VALVE AMPLIFIER MAIN BOARD DEC 2014 01111141 $50.00 10-OCTAVE STEREO GRAPHIC EQUALISER FRONT PANEL JUN 2017 01105172 $15.00 
CURRAWONG REMOTE CONTROL BOARD DEC 2014 01111144 $5.00 10-OCTAVE STEREO GRAPHIC EQUALISER CASE PIECES JUN 2017 SC4281 $15.00 
CURRAWONG FRONT & REAR PANELS DEC 2014 01111142/3 $30.00/set RAPIDBRAKE JUL 2017 05105171 $10.00 
CURRAWONG CLEAR ACRYLIC COVER JAN 2015 $2892 $25.00 DELUXE EFUSE AUG 2017 18106171 $15.00 
ISOLATED HIGH VOLTAGE PROBE JAN 2015 04108141 $10.00 DELUXE EFUSE UB1 LID AUG 2017 S804316 $5.00 
SPARK ENERGY METER MAIN BOARD FEB/MAR 2015 05101151 $10.00 MAINS SUPPLY FOR BATTERY VALVES (INC. PANELS) AUG 2017 18108171-4 $25.00 
SPARK ENERGY ZENER BOARD FEB/MAR 2015 05101152 $10.00 3-WAY ADJUSTABLE ACTIVE CROSSOVER SEPT 2017 01108171 $20.00 
SPARK ENERGY METER CALIBRATOR BOARD FEB/MAR 2015 05101153 $5.00 3-WAY ADJUSTABLE ACTIVE CROSSOVER PANELS SEPT 2017 01108172/3 $20.00/pair 
APPLIANCE INSULATION TESTER APR 2015 04103151 $10.00 3-WAY ADJUSTABLE ACTIVE CROSSOVER CASE PIECES SEPT 2017 504403 $10.00 
APPLIANCE INSULATION TESTER FRONT PANEL APR 2015 04103152 $10.00 6GHz+ TOUCHSCREEN FREQUENCY COUNTER OCT 2017 04110171 $10.00 
LOW-FREQUENCY DISTORTION ANALYSER APR 2015 04104151 $5.00 KELVIN THE CRICKET OCT 2017 08109171 $10.00 
APPLIANCE EARTH LEAKAGE TESTER PCBs (2) MAY 2015 04203151/2 $15.00 6GHz+ FREQUENCY COUNTER CASE PIECES (SET) DEC 2017 $04444 $15.00 
APPLIANCE EARTH LEAKAGE TESTER LID/PANEL MAY 2015 04203153 $15.00 SUPER-7 SUPERHET AM RADIO PCB DEC 2017 06111171 $25.00 
BALANCED INPUT ATTENUATOR MAIN PCB MAY 2015 04105151 $15.00 SUPER-7 SUPERHET AM RADIO CASE PIECES DEC 2017 804464 $25.00 
BALANCED INPUT ATTENUATOR FRONT & REAR PANELS MAY 2015 04105152/3 $20.00 THEREMIN JAN 2018 23112171 $12.50 
4-OUTPUT UNIVERSAL ADJUSTABLE REGULATOR MAY 2015 18105151 $5.00 PROPORTIONAL FAN SPEED CONTROLLER JAN 2018 05111171 $2.50 
SIGNAL INJECTOR & TRACER JUNE 2015 04106151 $7.50 WATER TANK LEVEL METER (INCLUDING HEADERS) FEB 2018 21110171 $7.50 
PASSIVE RF PROBE JUNE 2015 04106152 $2.50 10-LED BARAGRAPH FEB 2018 04101181 $7.50 
SIGNAL INJECTOR & TRACER SHIELD JUNE 2015 04106153 $5.00 10-LED BARAGRAPH SIGNAL PROCESSING FEB 2018 04101182 $5.00 
BAD VIBES INFRASOUND SNOOPER JUNE 2015 04104151 $5.00 TRIAC-BASED MAINS MOTOR SPEED CONTROLLER MAR 2018 10102181 $10.00 
CHAMPION + PRE-CHAMPION JUNE 2015 01109121/2 $7.50 VINTAGE TV A/V MODULATOR MAR 2018 02104181 $7.50 
DRIVEWAY MONITOR TRANSMITTER PCB JULY 2015 15105151 $10.00 AM RADIO TRANSMITTER MAR 2018 06101181 $7.50 
DRIVEWAY MONITOR RECEIVER PCB JULY 2015 15105152 $5.00 HEATER CONTROLLER APR 2018 10104181 $10.00 
MINI USB SWITCHMODE REGULATOR JULY 2015 18107151 $2.50 DELUXE FREQUENCY SWITCH MAY 2018 05104181 $7.50 
VOLTAGE/RESISTANCE/CURRENT REFERENCE AUG 2015 04108151 $2.50 USB PORT PROTECTOR MAY 2018 07105181 $2.50 
LED PARTY STROBE MK2 AUG 2015 16101141 $7.50 2 x 12V BATTERY BALANCER MAY 2018 14106181 $2.50 
ULTRA-LD MK4 200W AMPLIFIER MODULE SEP 2015 01107151 $15.00 USB FLEXITIMER JUNE 2018 19106181 $7.50 
9-CHANNEL REMOTE CONTROL RECEIVER SEP 2015 15108151 $15.00 WIDE-RANGE LC METER JUNE 2018 04106181 $5.00 
MINI USB SWITCHMODE REGULATOR MK2 SEP 2015 18107152 $2.50 WIDE-RANGE LC METER (INCLUDING HEADERS) JUNE 2018 SC4618 $7.50 
2-WAY PASSIVE LOUDSPEAKER CROSSOVER OCT 2015 01205141 $20.00 WIDE-RANGE LC METER CLEAR CASE PIECES JUNE 2018 $C4609 $7.50 
ULTRA LD AMPLIFIER POWER SUPPLY OCT 2015 01109111 $15.00 TEMPERATURE SWITCH MK2 JUNE 2018 05105181 $7.50 
ARDUINO USB ELECTROCARDIOGRAPH OCT 2015 07108151 $7.50 LiFePO4 UPS CONTROL SHIELD JUNE 2018 11106181 $5.00 
FINGERPRINT SCANNER — SET OF TWO PCBS NOV 2015 03109151/2 $15.00 RASPBERRY PI TOUCHSCREEN ADAPTOR (TIDE CLOCK) JULY 2018 24108181 $5.00 
LOUDSPEAKER PROTECTOR NOV 2015 01110151 $10.00 RECURRING EVENT REMINDER JULY 2018 19107181 $5.00 
LED CLOCK DEC 2015 19110151 $15.00 BRAINWAVE MONITOR (EEG) AUG 2018 25107181 $10.00 
SPEECH TIMER DEC 2015 19111151 $15.00 SUPER DIGITAL SOUND EFFECTS AUG 2018 01107181 $2.50 
TURNTABLE STROBE DEC 2015 04101161 $5.00 DOOR ALARM š AUG 2018 03107181 $5.00 
CALIBRATED TURNTABLE STROBOSCOPE ETCHED DISC DEC 2015 04101162 $10.00 STEAM WHISTLE / DIESEL HORN SEPT 2018 09106181 $5.00 
VALVE STEREO PREAMPLIFIER — PCB JAN 2016 01101161 $15.00 DCC PROGRAMMER OCT 2018 09107181 $5.00 
VALVE STEREO PREAMPLIFIER — CASE PARTS JAN 2016 01101162 $20.00 DCC PROGRAMMER (INCLUDING HEADERS) OCT 2018 09107181 $7.50 
QUICKBRAKE BRAKE LIGHT SPEEDUP JAN 2016 05102161 $15.00 OPTO-ISOLATED RELAY (WITH EXTENSION BOARDS) OCT 2018 10107181/2 $7.50 
SOLAR MPPT CHARGER & LIGHTING CONTROLLER FEB/MAR 2016 16101161 $15.00 GPS-SYNCHED FREQUENCY REFERENCE NOV 2018 04107181 $7.50 
MICROMITE LCD BACKPACK, 2.4-INCH VERSION FEB/MAR 2016 07102121 $7.50 LED CHRISTMAS TREE NOV 2018 16107181 $5.00 
MICROMITE LCD BACKPACK, 2.8-INCH VERSION FEB/MAR 2016 07102122 $7.50 DIGITAL INTERFACE MODULE NOV 2018 16107182 $2.50 
BATTERY CELL BALANCER MAR 2016 11111151 $6.00 TINNITUS/INSOMNIA KILLER (JAYCAR VERSION) NOV 2018 01110181 $5.00 
DELTA THROTTLE TIMER MAR 2016 05102161 $15.00 TINNITUS/INSOMNIA KILLER (ALTRONICS VERSION) NOV 2018 01110182 $5.00 
MICROWAVE LEAKAGE DETECTOR APR 2016 04103161 $5.00 HIGH-SENSITIVITY MAGNETOMETER DEC 2018 04101011 $12.50 
FRIDGE/FREEZER ALARM APR 2016 03104161 $5.00 USELESS BOX DEC 2018 08111181 $7.50 
ARDUINO MULTIFUNCTION MEASUREMENT APR 2016 04116011/2 $15.00 FOUR-CHANNEL DC FAN & PUMP CONTROLLER DEC 2018 05108181 $5.00 
PRECISION 50/60Hz TURNTABLE DRIVER MAY 2016 04104161 $15.00 ATtiny816 DEVELOPMENT/BREAKOUT BOARD JAN 2019 24110181 $5.00 
RASPBERRY PI TEMP SENSOR EXPANSION MAY 2016 24104161 $5.00 ISOLATED SERIAL LINK JAN 2019 24107181 $5.00 
100DB STEREO AUDIO LEVEL/VU METER JUN 2016 01104161 $15.00 TOUCH & IR REMOTE CONTROL DIMMER MAIN PCB FEB 2019 10111191 $10.00 
HOTEL SAFE ALARM JUN 2016 03106161 $5.00 REMOTE CONTROL DIMMER MOUNTING PLATE FEB 2019 10111192 $10.00 
UNIVERSAL TEMPERATURE ALARM JULY 2016 03105161 $5.00 REMOTE CONTROL DIMMER EXTENSION PCB FEB 2019 10111193 $10.00 
BROWNOUT PROTECTOR MK2 JULY 2016 10107161 $10.00 MOTION SENSING SWITCH (SMD) PCB FEB 2019 05102191 $2.50 
8-DIGIT FREQUENCY METER AUG 2016 04105161 $10.00 USB MOUSE AND KEYBOARD ADAPTOR PCB FEB 2019 24311181 $5.00 
APPLIANCE ENERGY METER AUG 2016 04116061 $15.00 NEW PCBs 

MICROMITE PLUS EXPLORE 64 AUG 2016 07108161 $5.00 DAB+/FM/AM RADIO JAN 2019 06112181 

CYCLIC PUMP/MAINS TIMER SEPT 2016 10108161/2 $10.00/pair REMOTE-CONTROLLED PREAMP WITH TONE CONTROL MAR 2019 01111119 
MICROMITE PLUS EXPLORE 100 (4 layer) SEPT 2016 07109161 $20.00 PREAMP INPUT SELECTOR BOARD MAR 2019 01111112 


AUTOMOTIVE FAULT DETECTOR SEPT 2016 05109161 $10.00 PREAMP PUSHBUTTON BOARD MAR 2019 01111113 
MOSQUITO LURE OCT 2016 25110161 $5.00 DIODE CURVE PLOTTER MAR 2019 04112181 


WE ALSO SELL AN A2 REACTANCE WALLCHART, RADIO, TV & HOBBIES DVD PLUS VARIOUS BOOKS IN THE “Books, DVDs, etc” PAGE AT SILICONCHIP. COM.AU/SHOP/3 


We are not sure what effect the Mec- 
cano case will have on the Theremin 
operation. It may not affect the pitch 
control but may prevent the hand plate 
(volume control) from working. 

The plate needs to be mounted away 
from the metal Meccano case. Both the 
pitch antenna and volume plate also 
need to be electrically isolated from 
the Meccano metallic case. 


Modifying Do Not 
Disturb Timer for NBN 


I built your Do Not Disturb Phone 
Timer (May 2013; siliconchip.com.au/ 
Article/3776) and it has worked well 
for some years for my parents, who 
could enjoy an undisturbed afternoon 
nap when using it! 

Recently, it has stopped working in- 
termittently; they sometimes could not 
set/start the timer. Every time I tested 
it, it worked fine. 

I did some measurements at home 
and at my parents’ house and found 
that my home phone line sat at around 
48V DC with the phone on the hook 
and around 8V DC off-hook, while my 
parents only had 14V DC on-hook. 

I have a standard PSTN phone line 
whilst my parents have had FTTP NBN 
since mid-2015. The timer initially 
worked OK on the NBN phone line 
but now doesn’t work at all. 

The problem is apparently because 

the NBN phone line voltage is so much 
lower than the PSTN phone line volt- 
age. Given this low voltage, it’s a won- 
der that the timer ever worked on the 
NBN phone line. Can you suggest 
any modifications to the circuit so 
that the timer will work at the lower 
NBN phone line voltage? (M. G., Dun- 
craig, WA) 
@ Try changing the 100kQ resistor 
supplying 5.6V zener diode ZD1 to 
15kQ. That should allow IC1 to run 
at around 5V DC. 

You may need to experiment with 
the two 180Q resistors between the col- 
lector of Q2 and circuit ground. These 
need to be low enough to place the line 
‘off-hook’ but not so low that the phone 
line voltage drops too low. The supply 
to IC1 should be kept above 4V DC. 


How to tell if anti- 
fouling is working 
I built your New Marine Ultrason- 


ic Anti-Fouling Unit described in the 
May and June 2017 issues (siliconchip. 
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com.au/Series/312) from a Jaycar kit, 
Cat KC5535. How can I verify the op- 
eration of the transducer? The neon 
lights and the unit does not indicate 
any errors. 
@ The fact that the neon lights up in- 
dicates that the ultrasonic transducer 
is being driven. There is no easy way 
to check that the transducer itself is 
working; the primary indication is 
the reduced growth on the boat hull. 
You can use another ultrasonic 
transducer as a receiver to monitor 
the sound from the driven transducer, 
by resting the face of one on the face 
of the other, but you need an oscillo- 
scope to observe the receiver trans- 
ducer waveform, which appears across 
its terminals. 


Increasing Arduino 
Seismograph sensitivity 

I recently built your 3-Axis Ardui- 
no Seismograph project (April 2018; 
siliconchip.com.au/Article/11030) us- 
ing an Arduino Nano. 

It is up and running and producing 
data, but I want to increase the sensi- 
tivity of the system. 

The datasheet says that the acceler- 
ometer defaults to its most sensitive 
range of +2g. Is there a way of increas- 
ing the sensitivity beyond this? I am 
using the project to collect vibration 
data from under my house before the 
Westconnex tunnelling. I want to have 
data to create a baseline. 

Alternatively, how much amplifica- 
tion can be applied in Audacity to read 
smaller values? (S. S., Rozelle, NSW) 
@ The accelerometer in the Seismo- 
graph is set to use the +4g range as 
noted on page 27 of the article (Spec- 
ifications). This is set in the code by 
the line (383 in the current version): 


// set hi pass and scale 

Wire.write( 
MPU6050 ACCEL _HPF_0O 63HZ | 
MPU6050_AFS SEL 4G); 


You can increase the sensitivity by 
changing MPU6050_AFS_SEL_4G to 
MPU6050_AFS_ SEL 2G. The data 
from the accelerometer is 16-bit, and 
recorded in the WAV file as 16-bit, so 
you aren’t going to get any more sen- 
sitivity than this using this part (the 
MPU-6050). 

The data can be amplified as much 
as you like in Audacity, although the 
practical limit is about 1000 times. 

You would already be reading 
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tiny acceleration figures of around 
+00006g, and these readings will be 
‘down in the noise’. We’re not sure 
that increasing the sensitivity any fur- 
ther, even if you could, would give any 
meaningful readings. 


Running bilge pump 
from a solar panel 


I have a situation where I need to 
power a bilge pump with solar pan- 
els. The pump is remotely located and 
needs to operate intermittently, as dic- 
tated by rising water levels. 

No mains power is available and 
I want the system to be simple and 
maintenance free, so I propose to use 
solar panels as the only power source. 
The pump is rated at 12V, 3.5A and 
has a float switch. 

Finding solar panels is not a prob- 
lem, but looking at their specs, I notice 
that most have a no-load voltage in the 
region of 20V, dropping to approxi- 
mately 12V when a load is applied. 
What concerns me is, ifthe float switch 
operates applying a no-load voltage of 
20V directly to the pump motor, will 
this burn out the pump motor? 

I want to avoid the use of batteries. 
How can I connect the solar panels 
to the pump motor safely? Do I need 
a voltage regulator? (S. R., via email) 
@ You shouldbe able to run the pump 
directly from a 40W 12V solar panel. 
The open circuit voltage shouldn’t 
cause any problems since the current 
draw when connected to the pump 
will cause the solar panel voltage to 
drop substantially. 

The insulation on the motor should 
be capable of withstanding 20V briefly, 
until the voltage stabilises at a lower 
level. 

A panel with a power rating higher 
than 40W could cause the pump to 
burn out, due to operating at a higher 
voltage. 

For example, a 60W panel can sup- 
ply 3.5A at 17V, its maximum power 
point. At this voltage, the pump will 
draw more than its rated 3.5A and the 
panel voltage will drop, but probably 
not enough to avoid the pump burn- 
ing out over time. 

It would be best to try a panel be- 
fore you buy one to be sure the motor 
voltage is around 12V when the panel 
is in full sun and pumping the head 
of water expected of the pump. That 
should be a safe condition for long- 
term operation. sc 
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MARKET CENTRE 


FOR SALE 


com.au — Australia’s best 
value for supported hobbyist electron- 
ics from Adafruit, SparkFun, Arduino, 
Freetronics, Raspberry Pi — along with 
kits, components and much more — with 


same-day shipping. 


LEDs, BRAND NAME and generic 
LEDs. Heatsinks, fans, LED drivers, 
power supplies, LED ribbon, kits, com- 
ponents, hardware, EL wire. 


PCB PRODUCTION 


PCB MANUFACTURE: single to multi- 

layer. Bare board tested. One-offs to 

any quantity. 48 hour service. Artwork 

design. Excellent prices. 

Check out our specials: 
yi e 


KIT ASSEMBLY & REPAIR 


KEITH RIPPON KIT ASSEMBLY & 
REPAIR: 

* Australia & New Zealand; 

* Small production runs. 

Blois Keni 0409 662 Von 


DAVE THOMPSON (the Serviceman 
from SILICON CHIP) is available to help 
you with kit assembly, project trou- 
bleshooting, general electronics and 
custom design work. No job too small. 
Based in Christchurch, NZ but service 
available Aae NE mop 

Email dave @ 


>@davethompson.co.nz 


VINTAGE RADIO REPAIRS: electrical 
mechanical fitter with 36 years ex- 
perience and extensive knowledge of 
valve and transistor radios. Professional 
and reliable repairs. All workmanship 
guaranteed. 

$17 inspection fee plus charges for parts 
and labour as required. Labour fees $38 
p/h. Pensioner discounts available on 
application. 

Contact Man, NREEAON on n 122 
415 or email bic 


com 
wine 


WANTED 


Speaker enthusiast needs a copy of a 
book once sold by Jaycar entitled “High 
Power Loud Speaker Enclosure Design 
& construction”. It had a catalogue num- 
ber BC1166. 


Will pay $50 (including postage) to the 
first person who has a pristine copy, i.e., 
little use but slight dog ears ok. 


Contact Melanie (on behalf of inquirer 
on 02 8832 3100) 


MISCELLANEOUS 


ASSORTED BOOKS FOR $5 EACH 
Selling assorted books on electronics 
and other related subjects like audio, 
video, programming etc. The books are 
relatively old in most cases and vary in 
condition. 
You'll need to come in person to see 
what books we have and what we're 
willing to sell: 

SILICON CHIP 

1/234 Harbord Road (up the ramp) 

Brookvale NSW 2100 

(02) 9939 3295 
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i : ADVERTISING IN MARKET CENTRE l 


Į Classified Ad Rates: $32.00 for up to 20 words (punctuation not charged) plus $1.20 for each additional word. Display adsin f 

l Market Centre (minimum 2cm deep, maximum 10cm deep): $82.50 per column centimetre per insertion. All prices include GST. 
Closing date: 5 weeks prior to month of sale. To book, email the text to s 

l address & credit card details, or phone Glyn (02) 9939 3295 or 0431 792 293. 
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WARNING 


SILICON CHIP magazine regularly describes projects which employ a mains power supply or produce high voltage. All such 
projects should be considered dangerous or even lethal if not used safely. Readers are warned that high voltage wiring 
should be carried out according to the instructions in the articles. 

When working on these projects use extreme care to ensure that you do not accidentally come into contact with mains 
AC voltages or high voltage DC. If you are not confident about working with projects employing mains voltages or other high 


n@siliconchip.com 


1.au and include your name, l 


voltages, you are advised not to attempt work on them. Silicon Chip Publications Pty Ltd disclaims any liability for damages 
should anyone be killed or injured while working on a project or circuit described in any issue of SILICON CHIP magazine. 
Devices or circuits described in SILICON CHIP may be covered by patents. SILICON CHIP disclaims any liability for the 
infringement of such patents by the manufacturing or selling of any such equipment. SILICON CHIP also disclaims any 
liability for projects which are used in such a way as to infringe relevant government regulations and by-laws. 
Advertisers are warned that they are responsible for the content of all advertisements and that they must conform to the 
Competition & Consumer Act 2010 or as subsequently amended and to any governmental regulations which are applicable. 
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Advertising index 


Altium Designer 19 review Altronics 
Hot on the heels of the major update that was Altium Designer 18 comes 
this new major version of this Australian electronics computer aided design Ampec Technologies 


(ECAD) SOANA: Cypher Research Labs 


El Cheapo Modules — LoRa long-range digital modules 
These low-cost modules allow microcontrollers to communicate with each 
other even when they are hundreds of metres apart, or in some cases, even 
kilometres. And they’re pretty easy to set up and use, too. 


Facial Recognition Systems 

Is Big Brother watching us now? Facial recognition systems are already in use 
by Australian government agencies. Dr David Maddison explains how computer- 
based facial recognition systems are able to identify individuals in still photos, 


video and even in real-time. He then takes a look into the applications of such IFC,49-56 


systems, both beneficial and nefarious. Keith Rippon Kit Assembly ..... 103 


Flip-dot display LD Electronics 
This is one of the more unusual electronics projects that we’ve come across. 
It's a dot matrix display that’s highly visible in just about any lighting condition LEACH Co Ltd 
and it’s driven by electromagnets formed from PCB tracks! It could be used in LEDsales 
a practical outdoor alphanumeric display or a fun indoor display. 
Microchip Technology 
High-current linear bench supply 
This power supply has very low ripple and noise due to the use of linear regula- Mouser Electronics 


tion. But it can still deliver plenty of current (>5A) with an output of up to 50V. Ocean Controls 


UHF repeater PCBCART 

Based on reader requests, this device extends the range for devices such as 

our 2015 Driveway Monitor which use UHF transmissions to send data from Rayming Electronic Co Ltd 

a remote unit to a base station. It can both extend the usable range and also Rohde & Schwarz 

solves line-of-sight problems caused by hills or obstacles that are in the way 

of the signal. SILICON CHIP Shop......83,100-101 


The Loudspeaker Kit.com 
Note: these features are planned or are in preparation and should appear 


within the next few issues of SILICON CHIP. Tronixlabs 


The April 2019 issue is due on sale in newsagents by Thursday, March 28th. 
Expect postal delivery of subscription copies in Australia between March 26th 
and April 12th. Wagner Electronics 


Vintage Radio Repairs 


NotesrécErrata 


Tinnitus & Insomnia Killer, November 2018: there is an error in both versions of the PCB. The 68kQ resistor in the Pink Noise 
Filter (above and to the right of IC1) is connected to the wrong end of the 1kQ resistor immediately next to IC1. This results in 
the pink noise being slightly louder than intended. This error will be corrected on RevC PCBs. If you have a RevB PCB, you can 
|_ fix it by cutting the bottom layer track between the nearest pads of these two components and wiring the now free end of the 
68kQ resistor to the opposite end of the 1kQ resistor using a short piece of insulated wire. 
Stationmaster Walkaround Model Rail Controller, March 2017: two 10MQ resistors have been left off the circuit diagram, 
Fig.2. One connects from the +5V rail to pins 10 & 13 of IC1 while the other connects from pins 10 & 13 of IC1 to ground. The 
PCB overlay and parts list are correct. Also, because power indicator LED1 is connected to the supply before the bridge recti- 
fier, it will only light with a DC supply that applies a positive voltage to either pin 1 of CON1 or the centre pin of CON2. On page 
37, instead of 10kQ capacitor, read 10kQ resistor. Also, the cable connecting the two boards needs to be the type with its in- 
ner two conductors swapped or else speed control VR2 will operate in reverse. Finally, note that the MC14584 chip used in this 
project is hard to obtain; the more common 74HC14 can be substituted. 
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